
B REPORT-CIRCUITS TO BUILD-HI-FI 


LECTRON 


tnd unusual 


Ijpss up your rig 
mild for your car 

WTI-THEFT 

;ircuits using IC’s 
ixpand dynamic range 

CASSETTE TAPE 

or higher fi 
>asy to build 

DIGITAL IC CLOCK 

A^ith automatic brightness 
make your calculator a 

TELEPHONE DIALER 
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THE ROMLUNE Of FIBERGWS/tNTENNK 


In Canada/Len Finkler, Ltd., 

25 Toro Road, Downsview, Ontario 


BiglStick 

Antenna. 

High, 
wide- 


Jirectiona! 
out the big 
outperform 
antennas. 
The Big Stick Antenna illuminates 12 
times more capture area at 60 feet, 
sending the energy towards the horizon 
in a unique low angle radiation pattern. 

Distributed dielectric loading, 
achieved by Shakespeare’s exclusive 
fiberglass construction, enables the 
Big Stick to outrange taller, heavier 
metal antennas under all conditions. 
Move up to the Big Stick. Pretuned. 
No ground radials. Works anywhere 
with any length cable. Also available in 
a lower cost model, Big Stick II. 
Shakespeare Antenna Group, P. O. Box 
246, Columbia, South Carolina 29202. 
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^altair 


ne in low-cost computing. 




Altair, from Mits, is the number one name in microcomputers for 
home, business, personal and industrial applications. 
Because the Altair was first, it has set the standard in the industry. 

More Altair 8800 s are now operational than all other 
microcomputers combined. 
Whether you buy a $395 complete computer kit* or a multi-disk 
system for under $10,000; Mits will provide you with thorough and 
lasting support. Satisfied Altair users include schools, corporations, 
small businesses, students, engineers, and hobbyists. 
Altair hardware includes three microcomputers; the Altair 8800a, 
8800b, and 680b. Mits has a complete selection of Altair plug- 
compatible memory and interface options, including the new Altair 
16K Static board and Altair multi-port serial and parallel I/O boards. 
Also available is a complete line of Altair peripherals including line 
printers, CRT s, and multiple disk systems. 
Altair software is by far the most complete and best for any 
microcomputer. Our Extended BASIC and Disk BASIC have 
received industry wide acclaim for programming power and 
efficiency. Application packages are available at many Altair 

Computer Centers** 

The Altair computer is a revolution in low cost computing. Shouldn’t 
^ you write for more information including our free, color catalogue. 

*The Altair 680b turnkey model. 

**Retail Altair computer outlets now opened in many large cities. 
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MITS, Inc. 2450 Alamo S.E./Albuquerque, New Mexico 87106 
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Announcing an ... 

Exclusive New 
Broadband 
N AT V Amplifier 

with Automatic Overload Control 



Just set it ooo and forget it* 


• Automatic control for 

input variations of up to 20 dB 

• Eliminates nuisance service 
calls 

• 45 dB Gain, VHF High Band 

• +52 dBmV Output Capability 

• Separate Lo and Hi VHF band 
controls 

• Operates at full output rating 

• Switch selectable AOC or 
MAN operation 

• Lightning protected 

• Universal rack or surface 
mounting bracket 

• UL listed 


Jerrold Model 3662 is the only 
broadband MATV amplifier with 
output signal levels automatically 
controlled. This exclusive feature 
permits use of the full output 
capability of a broadband 
amplifier without fear of overload 
due to input signal fluctuations. 
AOC operates to: 

1. Prevent overloading the 
amplifier when input levels in¬ 
crease. 

2. Increase amplifier gain to 
compensate for signal fades. 

3. Prevent system cross¬ 
modulation even if only one 
channel level increases or 
fades. 
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TRY THE 3662 FOR YOUR NEXT MATV INSTALLATION 



JERROLD ELECTRONICS 

GENERAL INSTRUMENT CORPORATION 
Horsham, Pa.19044*(215)674-4800 
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difficult, by Larry Wilson and Tim Funderbunk 
56 Anti-Theft Alarm Circuits 

Thirteen circuits to help keep your car from being 
stolen. There are ignition immobilizers, fuel pump 
cutoffs, alarms and combinations of these devices. 

by R. M. Marston 
67 Digital Alarm Clock 

Bright gas-discharge display; automatic variable display 
intensity, AM-PM indication. What else could you want? 

by Paul Emerald 


FI SOUND 
AUDIO 
STEREO 


81 R-E Lab Test Report 



Part II: 8080 instruction set. by Tim Barry 


GENERAL 

ELECTRONICS 


Six circuits for experimenters. Learn how you c 
generate perfect sinewaves from digital signals. 

by Don Lancaster 


channels, by Roger Kenfield 
Service Clinic 

More bits and pieces, by Jack 


DEPARTMENTS 


Advertising Index 100 New Literature 

Advertising Sales Offices 94 New Products 

Letters 102 Next Month 


It only looks I 
tor, but it’s mo 
automatic t< 

Punch in the number you 
want; then push the button. 
If the line is busy; hang up 
and punch the button again. 
Learn how to build your 
own. The story starts on 
page 48. 
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looking ahead 


TVI problem 


The FCC says it's receiving 
complaints about RF interfer¬ 
ence at the rate of some 
100,000 a year, and that 87% 
of these are attributable to CB. 
By far the majority involve 
interference to TV sets. In the 
FCC’s channel-expansion de¬ 
cision, it specified that CB 
equipment must have har¬ 
monic suppression of 60 dB— 
far lower than the limit pro¬ 
posed by broadcasters and 
television set manufacturers. 
The Commission also said that 
any CB operator causing har¬ 
monic interference to TV 
Channels 2, 5 or 6 would be 
required to install a low-pass 
filter. 

But CB can also cause inter¬ 
ference across the entire TV 
band. A very small amount of 
this is the result of illegal CB 
equipment, such as linear 
amplifiers. But FCC officials 
say the vast majority of inter¬ 
ference cases are the result of 
inadequate filtering and 
shielding of the TV receiver. 
Most TV set manufacturers 
have always followed a policy 
of providing a filter free of 
charge at the request of the 
set owner—but until the CB 
boom they haven’t had many 
requests. Even now, the TV set 
owner is likely to blame the CB 
operator for interference, rath¬ 
er than his own set. 

Why not include filters as 
standard equipment in all tele¬ 
vision sets? The set manufac¬ 
turers say this would push 
prices up and force TV buyers 
to pay for filters whether they 
need them or not. But the 
rapid growth of CB and other 
devices that emit RF radiation 
may force a change. The FCC 
currently has no power to 
make television manufacturers 
include filters in all of their 
production, although there 
have been several bills intro¬ 
duced in Congress to give it 
that authority. 


More 1977 TV’s 


The last of the 1977-model 
TV sets have now been intro¬ 


duced by Zenith. As expected, 
they included some 19-inch 
sets with Zenith's all-new color 
tube designed for precision 
automatic manufacture, using 
a new glass design, a new tri¬ 
potential gun, 100-degree de¬ 
flection and a new shadow- 
mask (Radio-Electronics, June 
1976). In addition, Zenith intro¬ 
duced a new series of slim 17- 
inch color sets using conven¬ 
tional-type tubes but with 100- 
degree deflection, as op¬ 
posed to the standard 90 
degrees. 

All of Zenith’s 25-inch sets 
and its newly-introduced 19- 
inch sets feature a new auto¬ 
matic color adjustment sys¬ 
tem, Zenith’s answer to RCA’s 
ColorTrak, Sylvania’s GT-Mat- 
ic and G-E’s VIR. Zenith's 
Color Sentry combines five 
automatic circuits; a light sen¬ 
sor that adjusts color and 
contrast to room lighting, a 
color signal monitor that pre¬ 
vents oversaturation, a tint sta¬ 
bilizer to correct flesh tones, a 
contrast regulator that elimi¬ 
nates separate contrast con¬ 
trol and keeps contrast, bright¬ 
ness and color at a constant 
ratio, and a color-level lock 
that balances color and tint. 


Video game boom 


At least 32 video-game at¬ 
tachments made by 22 differ¬ 
ent manufacturers have re¬ 
ceived FCC approval as we 
went to press. The simple 
tennis-type games are now 
beginning to yield to far more 
sophisticated home variations 
of coin-operated arcade 
games, involving races, bat¬ 
tles, space travel and so forth 
with programmable micropro¬ 
cessor games on the verge of 
commercial introduction. 
Many major electronics names 
are getting into the video game 
business, which was pio¬ 
neered by Magnavox. RCA 
plans a microprocessor game, 
as does Fairchild. National 
Semiconductor is already in 
the business, as is Radio 
Shack. Channel Master is also 
preparing an entry. Of course, 
prices of simple video games 
are rapidly dropping, the low¬ 
est mentioned so far being a 


two-player black-and-white 
tennis game entered in the toy 
market at $39.95 by First 
Dimension. 


40 CB channels 


The FCC’s expansion of the 
Citizens band from the current 
23 to 40 channels was, in 
effect, a compromise. The de¬ 
mands for more channels were 
almost overwhelming. At one 
time, the Commission had con¬ 
sidered going to as many as 58 
channels, but the potential for 
intermodulation interference 
and the fact that the remote- 
control hobbyist frequencies 
(Class C) would be wiped out if 
FCC went above 40 channels 
dictated the final choice. 

Even these expanded fre¬ 
quencies in the 27-MHz band 
(26.965-27.405 MHz) are con¬ 
sidered temporary, and the 
Commission stressed it was 
seeking a permanent home for 
personal communications 
“upstairs’’—perhaps the 220- 
or 900-MHz range. But this is 
still fairly far in the future. 

New transceivers operating 
On the full 40-channel band 
will be available starting Jan¬ 
uary 1, 1977. The FCC deci¬ 
sion prohibts the use of con¬ 
verters to extend 23-channel 
transceivers to 40, but it will 
permit the “remanufacture" of 
23-channel sets to 40-channel 
specifications so long as they 
meet the Commission’s type- 
acceptance requirements. 

Tbe FCC has also tightened 
specifications for type-accept¬ 
ance of new CB units in an 
attempt to minimize interfer¬ 
ence with TV and other ser¬ 
vices—although it seems likely 
that TVI will increase with the 
enlargement of the band. The 
23-channel units are capable 
of causing harmonic interfer¬ 
ence to TV Channels 2 and 5; 
with the extension of the band, 
Channel 6 will also be af¬ 
fected. 

The Commission and CB 
equipment manufacturers 
stress that 23-channel trans¬ 
ceivers will in no way be obso- 
leted. The major special-pur¬ 
pose channels—highway 
Channel-19 and emergency 


Channel-9—are located within 
the original 23-channel band. 
And it’s certainly a good bet 
that from now through the end 
of the year there'll be some 
great bargains in 23-channel 
units in preparation for the 
start of marketing of the new, 
more costly, extended-band 
transceivers. 


Home VTR chaos 


The videocassette recorder 
is now well launched as a 
consumer product, with Sony 
making and selling about 
10,000 a month, 2,500 of these 
in the United States. As re¬ 
ported here, two other incom¬ 
patible systems are on the 
market in Japan (all home 
units so far use half-inch 
tape)—Matsushita’s Home Vi¬ 
deo, to be sold here by Qua¬ 
sar and Sanyo’s V-Cord II, to 
be sold here under the Sanyo 
name. 

A fourth—and also incom¬ 
patible-system has been de¬ 
veloped in Japan by Japan 
Victor (JVC). At presstime, it 
had not been demonstrated, 
but it is said to be an extremely 
compact machine with two 
hours recording or playing 
time for a cartridge of half-inch 
tape. Some observers feel the 
JVC machine will be the sub¬ 
ject of an all-out attempt to 
“standardize” by winning over 
uncommitted (or even some 
already committed) Japanese 
manufacturers. 

Meanwhile, Betamax contin¬ 
ues to roll, with a production 
schedule of 200,000 set for 
1977 and a two-hour cassette 
said to be in the works (current 
playing time is only 60 min¬ 
utes). And in the U.S., Sony 
and Paramount Pictures have 
formed a joint venture to 
explore distribution of pre¬ 
recorded tapes as well as 
recorders. Thus Betamax is 
now being put forward as a 
competitor to the video disc 
systems that are tentatively 
scheduled for introduction in 
late 1977 by Magnavox and 
RCA. 

DAVID LACHENBRUCH 

CONTRIBUTING EDITOR 



























Tuner Service C 


MODULE REPAIRS 


PROVIDES YOU WITH A COMPLETE SERVICE 

FOR ALL YOUR TELEVISION TUNER REQUIREMENTS. 



TSC has been 
repairing private 
brand TV modules 
for over 2 years. 


Expanded facilities 
now include modules 
for 

• RCA 

• GE 

• ZENITH 

• W.T. GRANT 

• J.C. PENNEY 

• WESTERN AUTO 

• GAMBLES 

as well as Zenith 


IF subchassis. 


For free Price List and complete information write or phone; 
TSC HEADQUARTERS, BLOOMINGTON, IND. 
or any of the TSC locations listed below. 


REPAIR 

VHF OR UHF ANY TYPE .(U S A. ONLY) $ 9.95 

UHF/VHF COMBINATION.(U.S.A. ONLY) $15.00 

MAJOR PARTS AND SHIPPING 
CHARGED AT COST. 

• Fast, efficient service at our conveniently located 
Service Centers. 

• All tuners are ultrasonically cleaned, repaired, 
realigned, and air tested. 



UNIVERSAL REPLACEMENT TUNER $12.95 (U S A. ONLY) 

•This price buys you a complete new tuner built specifically 
by Sarkes Tarzian Inc. for this purpose. 

• All shafts have a maximum length of lOVi” which can be 
cut to 1%”. 

• Specify heater type parallel and series 450 mA. 

or 600 mA. --- 

<3 [uSTOMIZj L> 

•Customized tuners are available at a cost of only 
$15.95. With trade-in $13.95. (U.S.A. ONLY) 

• Send in your original tuner for comparison purposes 
to any of the Centers listed below. 


SAME DAY SERVICE - ONLY ORIGINAL FACTORY PARTS USED 
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CB’ers see mixed prospects in 
future of Citizens band 

The announcement that the Citizens 
band will go to 40 channels January 1 was 
Unquestionably the good news that CB’ers 
have been awaiting for months. The first 
23 channels extended from 26.965 to 
27.255 MHz, with channels spaced 10-kHz 
apart except for a few gaps. The new 
channels begin with the addition of two 
channels at 27.235 MHz and 27.245 MHz 
(filling the gap between Channel 22 at 
27.225 and Channel 23 at 27.255 MHz) 
and will continue 10 kHz apart—with only 
one gap-and end at 27.405 MHz for a 
total of 40 channels. 

Not only will the new channels reduce 
interference, but the new 40-channel sets 
will be constructed to tighter standards 
and will not be as likely to create interfer¬ 
ence on other channels or to outside 
services. 

The unhappy side of the picture is that 
many sets now in the field do not even 
measure up to present standards. Manu¬ 
facturers, first rushing to supply sets for 
the CB explosion; later to get the 23- 
channel sets now in production off the 
lines to prepare for the 40-channel line, 
have tended to cut corners and relax 
quality control. The result has been sets 
with splatter that creates adjacent-chan¬ 
nel interference and other weakness that 
cause interference to TV and other 
services. To add to the problems, FCC 
enforcement has actually been reduced 
instead of increased, due to the tremen¬ 
dous workload on the Commission be¬ 
cause of the CB application jam during 
the rapid increase in CB use during the 
past year, and to the work on new stan¬ 
dards and regulations for the 40-channel 
service. 

A second cloud on the CB horizon is the 
coming sunspot peak. CB’ers who lived 
through the last sunspot peak remember 
(many with delight!) how signals took off 
into the wild blue yonder and permitted 
long-distance communications. They also 
remember that they were able to handle 
local traffic in spite of the occasional 
sporadic reception of stations hundreds 
of miles away, and are looking forward 
with little fear to a similar situation in 1979 
or thereabouts. 


Digital watches may have battery- 
life problems 

The dealer who has been doing a good 
business in LED digital watches may be in 
for some surprises, thinks Henry Gold¬ 
smith, J.C. Penney merchandising manag¬ 
er. Many dealers, relying on their experi¬ 
ence with older types of electronic 
watches, have sold the newer watches on 
the basis that the batteries will last a year. 


The average life for a man’s LED digital 
watch is six to nine months, says Mr. 
Goldsmith, and of a woman’s watch three 
to six months. The customer, of course, 
will expect and demand free replacement 
of batteries that give out sooner, regard¬ 
less of whether the watch cost $20 or 
$200. 

The situation can create real trouble for 
the dealer, who will not only be expected 
to replace the batteries free of charge, but 
will also have the expense of the labor 
required for their replacement—often a 
job that requires time and occasionally 
special instruments. 

There are two bright sppts in the 
picture. Some dealers have been alert to 
the situation and have explained to the 
LED watch customer that battery life 
depends on how much use is made of it. 
And experience has shown that the 
second battery lasts longer than the first. 
Apparently, once the novelty has worn off, 
the user does not need to know the time 
so often! 

Manufacturers team to create 
vehicle hi-fi stereo system 

An automobile (or other vehicle) hi-fi 
system presented jointly by Nakamichi 
Research (USA) of Carle Place, NY, and 
Analog Digital Systems, Wilmington, MA, 
introduces a number of unique features in 
mobile stereo systems. The cooperative 
project is an effort to “upset the popularly 
held notion that true hi-fi is wasted in 
automobiles.” 

The cassette player is a Nakamichi 
model 250, with a frequency response of 


± 3 dB from 85 to 20,000 Hz and a signal- 
to-noise ratio of 62 dB. It features selec¬ 
table playback equalization, Dolby noise 
reduction circuitry and a built-in pream¬ 
plifier with volume, balance and tone 
controls. Maximum output is 500 milli¬ 
volts. 

The model 250 feeds into a pair of ADS 
model 2002 loudspeakers. Secret of the 
2002’s effectiveness is in their amplifier 
system. Three power amplifiers are built 
into each system. Two of them are 
bridged to power the 4-inch miniature 
woofer; the third drives a 1-inch diameter 
soft dome tweeter. The 2002 measures 
6.85 x 4.5 x 4.9 inches. Output is 40 
watts. Price of the system is listed as 
$696. 

Television now 30 years old 

In the Fall of 1946, as American industry 
turned from war to peace production, 
RCA introduced black-and-white televi¬ 
sion on a commercial basis. Through July 
of 1976, more than 76,000,000 color sets 
alone had been sold in this country. (Color 
came along in 1954.) 

According to experts, the curves indi¬ 
cate that progress is just beginning. David 
E. Daley of RCA Consumer Electronics 
states that all indications are that nearly 
40 million sets will be sold between now 
and 1980. 

Among the factors responsible for this 
acceleration, Mr. Daly notes: the fact that 
more than half the nation’s population is 
30 years old or younger—people who 
think of television as a natural adjunct to 
continued on page 12 











SBE.The single best name 
for single sideband. 


If you take the professional approach to CB 
you'll end up with SBE Single Sideband-be it mobile or be it base. 

SIDEBANDER II and CONSOLE II are two outstanding reasons why. 

CONSOLE II brings frequency synthesization to 
home base. It's a true no-nonsense professional 
with performance that gets your message through 
and brings in signals loud and clear. Superb fea¬ 
tures include "on the air” indicator, triple-function 
meter, automatic load and gain controls. 


SIDEBANDER II is noted for having the biggest 
"talk power punch” in mobile CB. It reaches those 
46 SSB channels crisply and clearly with a full 
power of 25 watts in. And because it's synthesized, 
it achieves more precise frequency and better stabil¬ 
ity. Exceptional features include: noise blanker, RF 
and AF gain controls, clarifier, and squelch. 

Two classic examples why SBE has the answers SSB users like. 


SIDEBANDER 


CONSOLE II (SBE- 


CA 95076 


SBE, Inc., 220 Airport Blvd. Watsor 


For information 


FREE INFORMATION CARD 
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Learn to service Communications/CB 
equipment at home...with 

NRI’S COMPLETE 
COMMUNICATIONS COURSE 


Learn design, installation and maintenance of 
commercial, amateur, or CB communications 
equipment. 



The field of communications is bursting out all 
over. In Citizens Band alone, class D licenses 
grew from 1 to over 2.6 million in 1975, and the 
FCC projects about 15 million CB’ers in the U.S. 
by 1979. That means a lot of service and 
maintenance jobs . . . and NRI can train you at 
home to fill one of those openings. NRI’s 
Complete Communications Course covers all 
types of two-way 
radio equipment 
(including CB), 

AM and FM 


Transmission and Reception, 

Television Broadcasting, 

Microwave Systems, 

Radar Principles, 

Marine Electronics, 

Mobile Communica¬ 
tions, and Aircraft Electronics. 

The course will also qualify you for 
a First Class Radio Telephone Commercial FCC 
License or you get your tuition back. 


Learn on your own 400-channel digitally- 
synthesized VHF transceiver. 

You will learn to service all types of communi- 
g cation equipment, with the one unit that is 
o designed mechanically and electronically to train 
h you for CB, Commercial and Amateur communi- 
§ cations: a digitally-synthesized 400-channel VHF 
JjJ transceiver and AC power supply. This 2-meter 
5 unit gives you “Power-On” training. Then we 
a. help you get your FCC Amateur License with 
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special instruction so you can go on the air. 

The complete course includes 48 lessons, 9 
special reference texts, and 10 training kits. 
Included are: your own electronics Discovery Lab, 
Antenna Applications Lab, CMOS Frequency 
Counter, and an Optical Transmission System. 
You’ll learn at home, progressing at your own 
speed, to your FCC license and into the 
communications field of your choice. 


NEW CB SPECIALIST 
COURSE NOW OFFERED 



NRI now offers a special course in CB Servicing. 
You get 37 lessons, 8 reference texts, your own 
CB Transceiver, AC power supply and multi¬ 
meter ... for hands-on training. Also included 
are 14 coaching units to make it easy to get 
your commercial radio telephone FCC license— 
enabling you to test, install, and service com¬ 
munications equipment. 







NRI offers you five TV/Audio 
Servicing Courses 


NRI can train you at home to service TV 
equipment and audio systems. You can 
choose from 5 
courses, starting 
with a 48-lesson 
basic course, up 
to a Master Color 
TV/Audio Course, 
complete with 
designed-for- 
learning 25" diago¬ 
nal solid state color TV and a 4-speaker SQ™ 
Quadraphonic Audio System. NRI gives you 
both TV and Audio servicing for hundreds of 
dollars less than the two courses as offered by 
another home study school. 

All courses are available with low down payment 
and convenient monthly payments. All courses 
provide professional tools and “Power-On” 
equipment along with NRI kits engineered for 
training. With the Master Course, for instance, you 
build your own 5" wide band triggered sweep solid 
state oscilloscope, digital color TV pattern 
generator, CMOS digital frequency counter, and 
NRI electronics Discovery Lab. 



NRI’s complete computer electronics course 
gives you real digital training. 

Digital electronics is the career area of the future . . . and the 
best way to learn is with NRI’s Complete Computer Elec¬ 
tronics Course. NRI’s programmable digital computer goes 
far beyond any “logic trainer” in preparing you to 
become a computer or digital technician. With the IC’s 
in its new Memory Kit, you get the only home training 
in machine language programming . . . experience 
essential to trouble shooting digital computers. And 
the NRI programmable computer is just one of ten 
kits you receive, including a TVOM and NRI’s 
exclusive electronics lab. It’s the quickest and best 
way to learn digital logic and computer operation. 

You pay less for NRI training and you get more 
for your money. 

NRI employs no salesmen, pays no commissions. salesman will call. Do it today and get started on 
We pass the savings on to you in reduced tuitions that new career, 
and extras in the way of professional equipment, 
testing instruments, etc. You can pay more, but 
you can’t get better training. 


More than one million students have enrolled 
with NRI in 62 years. 

Mail the insert card and discover for yourself why 
NRI is the recognized leader in home training. No 



McGraw-Hill Continuing Education Center 
3939 Wisconsin Avenue, 

Washington, D.C. 20016 
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their lifestyles, the growth of cable TV and 
the new features being introduced into 
that facility, the growing demand for video 
games that connect to the antenna termi¬ 
nals, the video tape-recorder-player and 
the video disc player. 

Quernemoen, Fablet and Piazza 
win Hugo Gernsback Award 

Wayne Quernemoen of Alexandria, MN, 
is this month’s winner of the Hugo Gerns¬ 
back Memorial Award, a $150 check pres¬ 
ented annually to an outstanding student 
in each of eight leading electronics home 
study schools. Through the generosity of 
two test instrument manufacturers, stu¬ 
dents who place second and third in the 
contests held by the schools to determine 
the award winners also receive prizes. 



WAYNE QUERNEMOEN 


Wayne Quernemoen was and is a radio 
amateur. He had worked in a TV repair 
shop and at TV station KCMT—where he 
is now studio engineer, before enrolling 
with Grantham School of Engineering. 
Enrolled in the Electronics Engineering 
Technology course, he has completed the 
first four phases and is nearing comple¬ 
tion of the fifth (engineering calculus, 
electrical networks and solid-state de¬ 
sign). After completion and a seminar at 
the school, he will have earned the degree 
of Associate in Science in Electronics 
Engineering (ASEE). 

Mr. Quernemoen intends to continue in 
his field of TV broadcast engineering, with 
possibly some attention to biomedical 
electronics, and to do some technical 
writing in those two fields. Eventually he 
hopes to continue his education to 
include an MSEE degree. 

Runner-up Jose Luis Fablet, who 
receives a B&K Model 280 Digital Volt¬ 
meter, was born in Buenos Aires, Argen¬ 
tina, and now lives in Montevideo, 
Uruguay. He owns a factory making TV 


tuners, handles TV repairs on all brands, 
and deals in TV replacement parts, having 
a staff of 20 employees in all. He is 



JOSE LUIS FABLET 


enrolled in the Electronics Engineering 
Course and, having completed three of its 
four phases, has received the degree of 
Associate in Electronics Engineering 
Technology (ASET). He expects to enroll 
in Part 4 to earn a higher degree. 



NICHOLAS A. PIAZZA 


Third-place Nicholas Piazza, Newport 
Beach, CA, is the winner of a VIZ WV- 
529A service VOM. He was introduced to 
electronics in the Navy, receiving 94 
weeks of formal training. He is at present 
assigned to the Defense Communications 
Support Detachment at Marine Corps Air 
Station, El Toro, CA. Like Mr. Fablet, he 
has completed three phases of the Elec¬ 
tronics Engineering course, receiving the 
ASET degree on May 6, 1975. He is now 
continuing in the course to earn an ASEE 
degree. 
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Mura, now we hear you above all the 
ithers; better than ever before. Your voice sounds 
imazingly crisp and clear. Without garble and 
vithout audio breakup. We copy your beautiful 
'oice coming through the revolutionary new 
yiodel PRX-100 technologically advanced PRM™ 
nicrophone, designed to carry your voice 
urther than the others. 

Here is what the PRM offers: Unlike 
Dther power microphones which just amplify your 
i/oice, PRM (peak redistribution modulation) 
:aitors your voice signal to give the highest 


average modulation without clipping and 
over-modulation. PRM circuitry, patented* and 
exclusive to Mura, reshapes unsymmetric 
voice peaks to assure high modulation density 
without peak overload. 

For full information on the exciting PRM 1 - line 
of microphones and other oustanding Mura 
products, visit your nearest CB outlet today. Ask 
him for Mura—to be sure that you are getting 
the finest accessories available. Or write to us 
directly. 


*U.S. Patent No. 3.060,389 and Foreign Patents 

Mura, we read you. Loud and clean 




Imagine a microcomputer 


Imagine a microcomputer with all the design savvy, ruggedness, and sophistication of the best minicomputers. 

Imagine a microcomputer supported by dozens of Interface, memory, and processor option boards. One that 
can be Interfaced to an indefinite number of peripheral devices Including dual floppy discs, CRT’s, line printers, 
cassette recorders, video displays, paper tape readers, teleprinters, plotters, and custom devices. 

Imagine a microcomputer supported by extensive software Including Extended BASIC, Disk BASIC. DOS and 
a complete library of business, developmental, and industrial programs. 

Imagine a microcomputer that will do everything a mini will do, only at a fraction of the cost. 

You are Imagining the Altalr 8800b. The Altalr 8800b Is here today, and It may very well be the 
mainframe of the 70's. 

The Altalr 8800b Is a second generation design of the most popular microcomputer In the field, the Altalr 8800. 
Built around the 8800A microprocessor, the Altalr 8800b Is an open ended machine that Is compatible with all 
Altalr 8800 hardware and software. It can be configured to match most any system need. 

MITS’ plug-ln compatible boards for the Altalr 8800b now Include: 4K static memory, 4K dynamic memory, 

16K static memory, multi-port serial Interface, multi-port parallel interface, audio cassette record Interface, 
vectored Interrupt, real time clock, PROM board, multiplexer, A/D convertor, extender card, disc controller, 
and line printer Interface. 

MITS' peripherals for the Altalr 8800b Include the Altalr Floppy Disc, Altalr Line Printer, teletypewriters, and 
the soon-to-be-announced Altalr CRT terminal. 

Introductory prices for the Altalr 8800b are S840 for a kit with complete assembly instructions, and $1100 for 
an assembled unit. Complete documentation, membership into the Altalr Users Club, subscription to “Computer 
Notes’,’ access to the Altalr Software Library, and a copy of Charles J. Slppl’s Microcomputer Dictionary are 
Included. BankAmerlcard or Master Charge accepted for mall order sales. Include $8 for postage and handling. 

Shouldn't you know more about the Altalr 8800b? Send for our free Altalr Information Package, or contact 
one of our many retail Altalr Computer Centers. 

(TlitS 2450 ALAMO S E ALBUQUERQUE, NEW MEXICO 87106 (505)243-7821 








flat toggle switches. Five new functions 
stored on front panel PROM including: 
DISPLAY ACCUMULATOR (displays con- 


*—New front panel interface hoard buffers 
all lines to and from 8800b bus. 


l—New CPU board with 8080A micro 
processor and Intel 8224 clock generator 


tents of accumulator), LOAD ACCUMU¬ 
LATOR (loads contents of the 8 data 
switches (A7-A0) into accumulator), OUT¬ 
PUT ACCUMULATOR (Outputs contents 
of accumulator to I/O device addressed 


‘Two, 34 conductor ribbon cable assem¬ 
blies. Connects front panel board to front 
panel interface board. Eliminates need 
for complicated front panel/bus wiring. 


and 8216 bus drivers. Clock pulse widths 
and phasing as well as frequency are 
crystal controlled. Compatible with all 
current Altair 8800 software and 
hardware. 


by the upper 8 address switches), INPUT 
ACCUMULATOR (inputs to the accumu¬ 
lator from the I/O device), and SLOW 
(causes program execution at a rate of 
about 5 cycles per second—for program 
debugging). 


altair 8800 -b 


[juDKB© 

2450 Alamo SE/Albuquerque, NM 87106/505-24 t-7f 















could you use 
anXcelite 

'7 


it’s every 
tool vou 


if the time... 
n Xcelite original! 







5 DIFFERENT HANDLE STYLES 

...regular and Tee, with and without 
reversible ratchet; junior, and stubby; 
all with Xcelite’s unique spring device 
for quick blade insertion and removal. 
All shockproof, breakproof (UL). 


85 INTERCHANGEABLE BLADES 

...all the popular types and sizes. All 
precision-made, genuine Xcelite qual¬ 
ity. Fit all five handles. 

IN SETS, KITS, 

OR PIECEMEAL 

...roll-up service kits, 
compact, stand-up, 
plastic-cased sets; or 
individually as needed. 



V 


in stock at leading 
electronic distributors...nationwide 

Weller-Xcelite 
Electronics Division 

yl| The Cooper Group w 

roS«R P.O.BOX 728, 

APEX. NORTH CAROLINA 27502 
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MCS6501 MICROPROCESSOR 

In the June, 1976 issue of Radio-Elec¬ 
tronics there are two mistakes in the 
State-of-Solid-State article. These mis¬ 
takes concern the MCS6501. 

MOS Technology's announcement of 
April, 1976 states they have "agreed to 
withdraw the MCS6501 from the market¬ 
place ...” This microprocessor 1C was 
introduced about September, 1975, as 
was a second chip, the MCS6502. 

The MCS6501 1C did not have an on- 
the-chip clock. It required an input from 
an external two-phase clock. The 
MCS6502, which is still produced by MOS 
Technology, is similar to the MCS6501 
except that it does have an on-the-chip 
clock. 

WILLIAM J. HARTWEG 
Staten Island, NY 

SR-52 CALCULATOR MEMORY 

There is a rebuttal to a previous letter I 
had written concerning the availability of 
memory registers on Texas Instruments 
calculators printed in the September issue 
of Radio-Electronics. 

Mr. Lemmon is absolutely correct in his 
statements concerning the SR-51. How¬ 
ever, reader Lemmon infers that there are 
no extra memory registers available on 
other T.l. calculators. This is incorrect. 
The memory registers 98 and 99 are defi¬ 
nitely accessible on the SR-52. Program 
registers 70 through 97 are addressable 
from the keyboard, as are the operational 
stack registers 60 through 69. 

THOMAS S. COX 
Greenville, SC 

DYNA-MICRO 

I am a third-year computer systems 
engineering student at Oregon Institute of 
Technology, with my major interest in 
microcomputers. I have been searching 
for a good basic microcomputer to use as 
the core of my system. The Dyna-Micro, 
as described in the May, June, and July 
issues of Radio-Electronics, fit my plans 
beautifully. 

After modifying the logic diagrams to fit 
my requirements, I began wire-wrapping 
my system. When I checked out the 
keyboard logic diagram in preparation to 
wire-wrapping it, I noticed a mistake. The 
keyswitches are encoded by two 74148 8- 
to-3 line priority-encoder IC's. One 
handles the numeric values and the other 
handles the alphanumeric values. For 
these IC’s to operate, a wire must be 
connected from pin 5 (enable in) to ground 
or a low signal. 

I checked out the logic diagram and the 
foil patterns to see if these connections 
were included. The foil pattern is com¬ 
plete and ready to go. I imagine the 
connections on the logic diagram were 
overlooked in the process of printing the 


article. Perhaps this letter can save others 
some trouble-shooting time if they decide 
to build the Dyna-Micro and employ wire 
wrapping in the construction. 

DARREL WRIGHT 
Klamath Falls, OR 

MICROCOMPUTER APPLICATIONS 
PROGRAMS 

On page 14 of the June 1976 issue o 
Radio-Electronics, Jonathan Titus states 
“The PDP-8, PDP-11 and NOVA families 
have thousands of applications program; 
that just aren’t available for microcomput 
ers.” 

The facts are: 

1. The IM6100 microprocessor 
emulates the PDP-8. 

2. The LSI-11 microprocessor 
emulates the PDP-11. 

3. The mN601 microprocessor 
emulates the NOVA. 

Virtually all of the existing application 
programs for the above machines will rui 
on the emulating microcomputers with m 
change whatever. 

J. GORDON 
Los Angeles, CA 

The Intersil IM6100 is compatible witi 
PDP-8 software. This is an exception. It ii 
however, difficult to use the system wit 
subroutines in PROM or ROM. This i 
because of the method used in the PDP- 
to recover a return address when it i 
finished with a subroutine. Front-pant 
controls aren’t easy to add to an IM6101 
I'd rather buy a PDP-8. 

The LSI-11 from Digital Equipmer 
Corporation is compatible with the PDf- 
11 software at the source level. Thi 
means that the software must all b 
converted before you can transfer it. Th 
LSI-11 is not compatible with PDP-11 per 
pherals without a converter unit, availabl 
at additional cost. If you're not an OEK 
I'd suggest you buy a PDP-11 and forgt 
the LSI-11 for now. 

The Data General mN601 (Micro Novi 
is supposed to be a nice machine. The 
can't deliver before December accordin 
to the Data General people at the Nation, 
Computer Conference. You can't run sol 
ware on a machine you don't have. 

I stand by my statement, but I expet 
the situation to change in a couple < 
years. 

JON TITUS 

IT ISN’T! OR IS IT? 

I read, with interest, the letter sent I 
you by Continental Specialties and Shai 
Advertising. Their contention that the 
product is a direct replacement for tf 
SK-10/IF-18 solderless interface sock' 
included in the parts list for the Dyr 
Micro (Radio-Electronics, May 1976 i 
continued on page . 










With the new, updated Mallory PTC Semi¬ 
conductor Product Guide. 

Instead of looking all over for replacement 
semiconductors, just open the guide. 
There’s new indexing and cataloging for 
fast, easy access to the electrical and physi¬ 
cal parameters of each PTC product. Plus, 
a listing of thousands of semiconductors, 
each cross-referenced to Mallory PTCs. 


It’s the authoritative source-book and cross- 
reference for transistors, zener diodes, diodes, 
high-voltage rectifiers, color crystals, inte¬ 
grated circuits, field-effect transistors. 

Now it’s easier than ever to get Mallory per¬ 
formance and reliability in your semicon¬ 
ductor replacement parts. 

See your Mallory distributor or give him a 
call, today. 


MallorY 


MALLORY DISTRIBUTOR PRODUCTS COMPANY 

a division of P. R. MALLORY & CO. INC. 

Batteries* Capacitors* Controls* Security Products *DURATAPE®* Resistors* Semiconductors* SONALERT® ‘Switches • Fastening Devices 
DURATAPE® and SONALERT® are registered trademarks of P. R. Mallory & Co. Inc. 
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The"giftbook” of 
is in the 


and if you aren’t already on our customer mailing list 



The Heathkit Christmas Catalog is off 
the press, and that’s good news for 
gift-givers, kitbuilders and everyone 
else, too. It’s brim-full of the latest 
electronic products in easy- 
to-build kit form. Everything from 
lamp dimmers to color TV’s, nearly 
400 great gift ideas. Gifts for 
homeowners, businessmen 
and people interested in 
electronics, sports, fishing, 
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electronics 

nail 

w’s the time to send for your copy 

amateur radio-gifts for anyone you 
can think of. And giving a Heathkit 
product is the way to make some¬ 
one really happy this Christmas. 
They’re interesting and fun-to-build. 
They give pride and satisfaction 
along with great performance. So 
send the coupon today and get 
your FREE copy of the Heathkit 
“giftbook”. It will help you have a 
happier holiday, too. 



THE NEW HEATHKIT 
CHRISTMAS CATALOG 

World’s largest selection of easy-to-build 
electronic kits—stereo components, color 
TV, test equipment, Amateur Radio, digital 
clocks and weather instruments; marine, 
aircraft and auto accessories, nearly 400 



kits in all. Plus special buys on CB radios 
and antennas, and many special sale and 
bonus offers just in time for the holidays. 
Send coupon for your copy today. It’s 


Christmas 


Please send me my FREE Catalog. 
I am not on your mailing list. 

Dept. 20-23 


I’d like to do a favor for a 
friend — send another catalog to: 

Dept. 20-233 


CIRCLE 100 ON FREE INFORMATION CARD 
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LETTERS 

continued from page 16 


sue) is not correct. This socket is not a 
standard breadboarding socket, but one 
designed especially for direct connection 
at the rear plane of the socket. 

Your readers should be aware that until 
Continental and AP manufacture an inter¬ 
facing/type of socket, E&L is the only 
vendor. The correct part number for the 
Dyna Micro interface/breadboarding 
socket is SK-10/IF-18. It sells for $18.75 in 
single quantity. 

RICHARD J. VUILLEQUEZ 
Vice President, Sales 
E&L Instruments, Incorporated 
Derby, CT 

PRO SOUND SYSTEMS 

Your article “Microphones in Pro Sound 
Systems" was notable for the things not 
included rather than what was said. 
Though you got off to a good start and 
provided some interesting basics, it is 
beyond me that the writer of the article 
should actually believe that condenser 
microphones should be omitted entirely 
from the body of the article. We are 
informed that there are five major types of 
microphones used in Pro Sound systems, 
but the thought that ceramic and crystal- 
type microphones are frequently used 
could only be sustained by someone 
looking into the state-of-the-art fifteen 
years ago! Or perhaps twenty-five! Hurrah 
for getting some good basics (albeit skim¬ 


py), but the selection of information on 
specific microphones could perhaps have 
been better by mentioning fewer types 
and going into just a little bit more detail 
on some of the weaknesses and strengths 
of each. 

Finally, I think it’s ironic that in an article 
having information supplied solely by 
Shure Brothers, Incorporated of Evans¬ 
ton, Illinois, the microphone picture on the 
front page is an obsolete Electro-Voice 
microphone. 

WILLIAM A. RAVENTOS 
Buchanan, Ml 

MICROCOMPUTER/TV INTERFACE 

In reference to Mr. Paul Hyde Jr.’s letter 
(July 1976 issue) concerning microcom¬ 
puter/TV interface: I purchased a kit from 
a company in Dallas to interface my Intel 
8080 with my TV. It was very reasonably 
priced. I believe that this kit will meet Mr. 
Hyde’s needs, as it did mine. The 
company name is IOR, Box 28823, Dallas, 
TX 75228. 

WAYNE FOX 

Garland, TX R-E 


General Motors, dealers competing 
on car radios 

General Motors is finding itself in a 
dispute with some of its dealers Over what 
radios are to go into GM cars. Delco, GM’s 
radio division, reports that it has been 
losing orders because dealers have been 
purchasing and installing foreign radios 
instead of Delco. The parent company has 
been bothered enough about the situation 


to start an ad campaign, urging buyers to 
“Tell your dealer ‘Delco.’ Don’t settle for a 
look-alike radio in your new GM car.” 

The matter is apparently not one that 
will threaten the survival of either GM or 
the dealers, since radios come already 
factory-installed in nearly 90 percent of 
the company’s cars. R-E 



PILOT PRODUCTION LINE for making optical 
waveguides, now operating in Atlanta, GA. To 
make the lightguides, high-silica-content glass 
rods are prepared on a glass lathe (glowing 
area, upper right), then softened (upper left) 
and pulled into hair-thin fiber lightguides 
through equipment in lower left. 



Hi! We're I 


A lot of you already know us. I/Ue’re the ones who keep getting better! 


Most of our kits are muslcly related; 
but that doesn't mean that you have to be 
a pro-musician - or a musician at all to 
enjoy them. For instance; 

Surf Synthesizer 

Imagine the roar of the surf eleetroniely 
synthesized and played through your hi-fi. 
#3711K $12.95 + $1. 00 shipping chg. 


oz-s.(mwmz' 


The EGG* plugs into any stereo amp 
to create soothing, flowing environmental 
sound textures - and through headphones 
it's incredible. The chords and notes 
EXIST in your mind. They pan and swell 
and phase their way through your psyche 
in unpredictable patterns never repeating. 

The combination of LSI organ tech¬ 
nology with synthesizer-type processing 
and digital randomizing/control elements 
make the EGG an altogether intriguing 
package from either technological or 
metaphysical viewpoints. 

#3790 $24. 95 + $1. 00 shipping 

- Encephalo-Gratification Generator 


THE GNOME MICRO-SYNTHESIZER kit = 

The Gnome can make outer space sounds 
for rock musicians, demonstrate principles 
of music and accoustics for educators, 
provide rhythmic pulses and tones for 
modem dance groups, create sound effects 
for theatre companies and is one of the 
neatest toys in the world for an audiophile. 
#3740 - $48.95 - + shipping for 4 lbs. 
- OZ-MINI-ORGAN ™. I 

OZ is polytonic with over 6-1/2 octaves 
total range from it's 1-1/2 octave keyboard. 
Large scale integration & CMOS technology 
allow battery powered portability. Output 
jack and switch selectable step or multiple 
pulse trigger provides simple synthesizer 
interface. OZ has a unique pressure- 
sensitive pitch bender that chromatically 
transposes single notes or whole chords, 
and a built in speaker and amplifier. 

#3760 - $84. 95 - + shipping for 12 lbs. 

And don't forget... these two were 
designed to operate together in one of the 
most synergistic relationships imaginable. 
Just think, a completely portable polytonic 
synthesizer-like instrument for less than 
you'd expect to pay for a guitar. Terrific! 


t happens that you aj 
musician, you really owe it to yourself to 11 
checkout our electronic music synthesizer 
packages. Like our 4700/S for example. 

It costs about 50% of what "mini" packages 
from other manufacturers do - and you can 
judge for yourself whether it's a mini or not. 






Synthesizer 

When you combine all of the modules that I 
are part of this package including keyboard, I 
12-event sequencer and a four input stereo I 
mixer, it's almost like having 2 synthesizers 11 
in a single package. Wrap them all in sturdy 1 
road cases and you have an instrument that 1 
goes anywhere and does any job. 

#4700/S Kit -$499.00 
shipped air freight col. 

, Send TODAY for your FREE catalog 
with details on these and dozens of other 
fascinating PAIA kits. 

ELECTRONICS DEPT.1I-R J 
1020 WEST WILSHIRE BLVD^J 
OKLAHOMA CITY, OK 7, 
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Solder is for sissies. 

Are you still designing circuits the old fashioned way? Soldering 
and unsoldering? Burning up valuable IC’s? If so, it’s time you made 
a switch to solderless breadboarding. E&L Instruments offers a 
complete line of breadboarding products from sockets to the most 
complete systems for professional use. Here are five ways you can 
go solderless . . . 


SK-10 Socket Digi-Designer #DD-1K 


This precision solderless bread¬ 
boarding socket will pay for 
1 itself in one afternoon. Inte- 
jffif grated circuits and discrete com- 
Wk ; ponents insert directly, without 
By adapters. All interconnections are 
y made with 20 to 26 gage solid 
conductor wire. $17.75. 


Breadbox III 



An economical approach to a 
large breadboarding area. 
Three SK-10 sockets, four 
5-way binding posts, two 
BNC connectors, six BP-22 
solderless breadboarding 
pins. $65.00. 


Op-Amp Designer #OA-2K 


Powerful design tool for linear work and 
CMOS digital circuitry. SK-10 
socket. Heavy current capac¬ 
ities on all three power 
supplies [+/- 15V & +5V 
DC]. Sensitive null 
detector and a full func¬ 
tion generator with exter¬ 
nal frequency adjustment. All 
interconnections are solderless. 

$95.00 in kit form. 



Op-Amp Designer #OA-3K 



SK-10 socket. Plus and 
minus variable supplies 
(1 to 15V). This 
adjustable feature 
makes the unit 
exceptionally flexible, 
allowing it to be more 
useful for odd voltage require¬ 
ments. The fixed 5 volt supply 
allows interfacing with TTL circuitry. 

$80.00 in kit form. 



A must for every student, engineer or 
technician doing digital 
circuit design. Handles 
both 1C and discrete 
components without 
soldering. Connec¬ 
tions to the SK-10 
socket are made 
using any solid 22 ga 
insulated wire. The DD-1K includes a 
clock, power supply, logic lights, pulsers, logic 
level switches and much more. All circuitry is 
now in one circuit board. $70.00 in kit form. 


CIRCUIT DESIGN, INC. 

Division of E&L Instruments, RO. Box 24, Shelton,Conn. 06484 

It’s time you went solderless! Order any one 
of the five products above by completing and 
sending in this coupon. Please don’t forget 
to sign coupon and include check, money 
order or charge card information. 

Please send me your model #- 

_pictured above for $_ 

Enclosed find my Check-Money 

Order_or Charge information for 

BankAmericard_or Master Charge 

_(Make sure you sign the order 

blank.) 

NAME:_— 

ADDRESS:_ 

CITY:_STATE:_ZIP:_ 

SIGNATURE:_ 

Circuit Design will prepay shipping anywhere in the U.S. 

-- 
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The 

IMSAI8080. 

A commercial 
yet personally 
affordable 
computer. 



If you thought you could never afford 
a computer at home, think again. The 
IMSAI 8080 is built for rugged industrial 
performance. Yet its prices are competitive 
with Altair’s hobbyist kit Fully assembled, 
the 8080 is $931. Unassembled, it’s $599. 

The IMSAI 8080 is made for 
commercial users, and it looks it. Inside 
and out. The cabinet is attractive, heavy 
gauge aluminum. The heavy duty lucite 
front panel has an extra 8 program 
controlled LED’s. It plugs directly into 
the Mother Board without a wire harness. 
And rugged commercial grade paddle 
switches are backed up by reliable 
debouncing circuits. 

The system is optionally ex¬ 
pandable to a substantial system with 
22 slots in a single printed circuit board. 
And the durable card cage is made of 
commercial-grade anodized aluminum. 

The IMSAI 8080 power supply 
produces a true 28 amp current, enough 
to power a full system. You can expand 
to a powerful system with 64K of software 
protectable memory plus an intelligent 
floppy disk controller. You can add an 
audio tape cassette input device, a 
printer plus a video terminal and a 
teletype. And these peripherals will 
function with an 8-levei priority interrupt 
system. BASIC software is available in 
4K, 8K and 12K. 

Get a complete illustrated 
brochure describing the IMSAI 8080, 
options, peripherals, software, prices 
and specifications. Send one dollar to 
cover handling to IMS. The IMSAI 8080. 
From the same technology that developed 
the FTYPERCUBE Computer architecture 
and Intelligent Disk systems. 
q Dealer inquiries invited. 



lu IMS Associates, Inc. 

O 14860 Wicks Boulevard 
g San Leandro, CA 94577 
2 (415)483-2093 Dept. RE-11 I 


IrMPUTER KQRNER 

A look at the arithmetic/logic instructions and processor 
flags of the 8080 microprocessor 


TIM BARRY 

WE PREVIOUSLY DISCUSSED THE DATA-TRANS- 
fer instructions that can be performed by the 
8080. This month we will continue on with 
this presentation by examining the arith¬ 
metic/logic instructions that the 8080 uses to 
operate upon the data located in its registers 
and the system memory. (You may wish to 
refer to the previous column for an explana¬ 
tion of some of the notations used to repre¬ 
sent various register groups, data types, and 
data transfers.) 

Arithmetic/logic instructions 

Any computer instruction that modifies the 
contents of a register, memory location or 
flag by any arithmetic or logic operation is 
considered to be a member of this group. As 
with data-transfer instructions, we can con¬ 
sider arithmetic/logic instructions in the 
context of data sources and data destinations. 
The execution of an arithmetic/logic opera¬ 
tion causes the contents of one or more data 
sources to be operated upon by the comput¬ 
er’s arithmetic/logic unit. The result of the 
operation is then placed into the data desti¬ 
nation. The contents of the data sources used 
in the operation are called operands. Most 
computer arithmetic/logic operations use 
one, two or occasionally three operands. The 
8080 uses arithmetic/logic operations that 
require either one or two operands. 

Processor flags 

Intimately related to the concept of arith¬ 
metic/logic instructions is the concept of 
processor flags, or simply flags. A flag is an 
internal logic element (usually a flip-flop) 
that indicates the state of the processor. Some 
of these flags are set and reset based upon the 
result of the various arithmetic/logic oper¬ 
ations. These flags can then be tested and 
their state used to determine whether or not 
some operation is to be executed. For exam¬ 
ple, the operation to take place after an 
addition operation has been performed may 
depend on whether or not the result of the 
operation was zero. If the processor has a flag 
that is set if the result of an operation is zero, 
it could be tested and the next step based on 
whether or not it was set or clear. Without 
flags to set and test, the ability of the 
computer to modify its operation based upon 
the results of operations performed would be 
lost, and with it the flexibility of programmed 
control. 

The 8080 provides four flags that are 
affected by arithmetic/logic operations and 
they are tested under program control. These 
are the carry flag, the zero flag, the sign flag 
and the parity flag. The conditions that are 
indicated by these flags are described 
below: 

Carry flag: The carry flag is set or reset under 
the following conditions: 

1. Set if the result of an addition is 
greater than 256 

2. Set if the result of a subtraction 
is less than 0 


3. Cleared by all logic operations 
(AND, XRA, ORA) 

4. Set or cleared by the rotate 
instructions 

In addition, there are two 8080 instructions 
that can be used to directly modify the state 
of the carry flag. Each instruction is listed 
below (in bold) followed by the data-transfer 
notation and the meaning. 

STC (1) 

Operation performed: 1 —>C 
The carry flag is set to 1. 

CMC (1) 

Operation performed: C—*C 
The state of the carry flag is comple¬ 
mented. 

Zero flag: The zero flag is set to a logic-one 
anytime an arithmetic or logic 
operation results in a zero in the 
accumulator. 

Sign flag: The sign flag corresponds to the 
sign of the two’s compliment 
number in the accumulator after 
an arithmetic or logic operation 
has been performed. If bit-7 of 
the accumulator is a zero (the 
number is positive), the sign flag 
will be set to a logic-0. If bit-7 of 
the accumulator is a logic-1 (the 
number is negative), the sign flag 
will be set to a logic-1. 

Parity flag: The parity flag is set or reset 
based upon the number of 
logic- l’s left in the accumulator 
as the result of an arithmetic or 
logic operation. If the number 
of bits set to logic-1 in the 
accumulator is even (even pari¬ 
ty), then the parity flag will be 
set to logic-1. If the number of 
bits set to logic-1 in the accumu¬ 
lator is odd (odd parity), then 
the parity flag will be set to 
logic-0. 

It is important to remember that the flags 
are only set or cleared as the result of 
arithmetic and logic operations. With one 
exception, data-transfer instructions do not 
alter the state of the flags. This means that to 
test a value from memory or an input device, 
you must perform an arithmetic or logic 
operation with that value to set the flags. The 
act of transferring data, by itself, does not set 
flags to correspond to the data transferred. 

When using the 8080, the contents of the 
accumulator and all flags can be treated as a 
program status word (PSW). PSW can be 
saved in the stack by using the PUSH PSW 
instruction. This saves the status of the flags 
when the push instruction is executed. This 
status can then be restored later by using a 
POP PSW instruction. (POP PSW is the data 
transfer-instruction that violates the general 
statement that data transfers don’t alter 
flags.) 
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Two-operand instructions 

The 8080 provides nine basic two-operand 
arithmetic/logic operations. Eight of these 
are 8-bit operations and one is a 16-bit 
operation. For the 8-bit operations, the two 
data-sources are the A register and one of the 
following: A single register (A, B, C, D, E, H, 
or L), the contents of memory as addressed 
by the HL register pair (M), or an 8-bit 
immediate data value (D8). The data destina¬ 
tion is always the A register. For the 16-bit 
operation, the two data-sources are the HL 
register pair and one of the 16-bit register 
pairs (BD, DE, HL) or the stack pointer (SP). 
The data destination is always the HL 
register pair. 

ADDS (A) + (S) —»A (1) 

ADD M (A) + ([HL]) —»A (1) 

ADI D8 (A) + D8 -»A (2) 

The above program adds the contents of the 
specified data source to the contents of A and 
the result is placed in A. All flags are 
affected. 

ADC S (A) + (S) + C — A (1) 

ADC M (A) + ([HL]) + C —»A (1) 

ACI D8 (A) + D8 + C —»A (2) 

The above program adds together the 
contents of the specified data source, the 
contents of A and the carry flag, and the 
result is placed in A. All flags are affected. 

SUB S (A) — (S) —* A (1) 


SUB M (A) - ([HL]) —»A (1) 

SUI D8 (A) - D8 A (2) 

Here, the contents of the selected data source 
are subtracted from the contents of A and the 
result is placed in A. All flags are affected by 
this operation. 

SBB S (A) - (S) - C —> A (1) 

SBB M (A) - ([HL]) — C —»A (1) 

SBI D8 (A) - D8 - C —»A (2) 

The contents of the selected data source and 
the carry flag are subtracted from the 
contents of A and the result is placed in A. 
All flags are affected. 

ANA S (A) A (S) —* A (1) 

ANAM (A) A ([HL]) —* A (1) 

ANI D8 (A) A D8 —> A (2) 

The logic and operation is performed using 
the contents of A and the selected data 
source. The result is placed in A. All flags are 
affected. 

XRA S (A) V (S) —> A (1) 

XRAM (A) V ([HL]) —»A (1) 

XRJ D8 (A) V D8 —> A (2) 

The exclusive-or operation is performed 
using the contents of A and the selected data 
source. The result is placed in A. All flags are 
affected. 

ORA S (A) V (S) —»A (1) 

ORAM (A) V ([HL]) —> A (1) 

ORI D8 (A) V D8 -» A (2) 

The logic-or operation is performed using the 
contents of A and the selected data source. 
The result is placed in A. All flags are 
affected. 


CMP S (A)-(S) (1) 

CMP M (A)—([HL]) (1) 

CPI D8 (A)-D8 (2) 

The contents of the selected data-source are 
compared to the contents of A. The compar¬ 
ison is made by subtracting the contents of 
the data source from A, with the flags set 
based on what the result would have been. 
Neither A nor the data source is modified by 
the operation. All flags are affected. 


DAD RP (HL) + (RP) -> HL (1) 

The contents of the selected register pair are 
added to the contents of the HL register pair. 
The result is placed in HL. Only the carry 
flag is affected. 


Single-operand instructions 


Single operand arithmetic/logic instruc¬ 
tions use the same data resource as both data 
source and data destination. These oper¬ 
ations are used to modify the individual 
registers, register pairs, and memory loca¬ 
tions in the 8080 system. 


RLC 

(Ar) —c, (A 7 ) —> A 0 , 
(A„)^A n + 1 

(1) 

RRC 

(A 0 ) -> C, (A 0 ) -> A 7 , 

(A n ) —* A n _, 

(1) 

RAL 

(A 7 ) -> C, C -» A 0 , 
(A„)^A n + 1 

0) 

RAR 

(A 0 ) C, C A 7 , 

(A n ) —> A n _, 

(1) 


These four instructions treat the A register 
and carry flag as a serial rotation register. 
The graphical representation of these rota¬ 
tions is shown in Fig. 1. Note how RAL and 
continued on page 28 



DIRECT DRIVE ELIMINATES RFI • SINGLE . 
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DIGITAL CONCEPTS CORPORATION 
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a revolutionary concept in kit building... 

THE PROGRAMMABLE 
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TIME OF DAY REGISTER • PUPLICA1 
REGISTER •FOUR YEAR CALENDAR - rr 
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TONE OUTPUT • ADDITIONAL ALARM 






programmable form. After the i 


preset time • 10 MINUTE SNOOZE & "ID'* 
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RAR actually include the contents of the 
carry flag in the rotation. RLC and RRC 
modify the carry flag but do not include it in 
the rotation. No flags other than carry are 
affected by these instructions. 

INR S (S) + 1 —» S (1) 

INR M ([HL]) + 1 ^ [HL] (1) 

The contents of the selected data source are 
incremented by one. All flags except carry are 
affected. 

OCR S (S) - 1 S (1) 

DCRM ([HL]) - 1 —» [HL] (1) 

The contents of the selected data source are 
decremented by one. All flags except carry 
are affected. 

INX RP (RP) + 1 -» RP (1) 

The contents of the selected register pair are 
incremented by 1. No flags are affected. 


The contents of the selected register pair are 
decremented by 1. No flags are affected. 

DAA IF (A 0 - A 3 ) > 9. (1) 

then (A) + 6 —»A 
If (A„ - A 7 ) > 9, 
then (A) + 60H -> A 
The DAA instruction is used to adjust the 
hexidecimal contents of A into two BCD 
digits. If the four least-significant bits of A 
(commonly called the least significant nibble, 
since a nibble is about half a byte) is a value 
greater than nine, six is added to A. This 
forces the least significant nibble into the 
range zero to nine. The most significant 
nibble is then tested. If it is now greater than 
nine, 60H is added to A to force the value 
into the range zero to nine. If the result of 
adjusting the value in A results in a value 
greater than 99 decimal, the carry flag is set. 
All flags are affected by the operation. 


the 8080 instruction set. In a future column 
we will conclude the presentation by exam¬ 
ining the transfer of control and processor 
control instructions. R-E 


CMA 


( 1 ) 


DCX RP (RP) - 1 - 


The contents of the accumulator are comple¬ 
mented. No flags are affected. 

This column has presented a look at the 
arithmetic/logic instructions offered by the 
8080. In this short space it is practically 
impossible to provide all the details of a 
complex computer instruction set. We have 
attempted instead to give a good overview 
into the operation of these instructions. In 
future articles we will use these instructions 
as the building blocks of more complex 
operations. If we need a more detailed anal¬ 
ysis of the operation of a particular instruc¬ 
tion, it will be presented at that time. 

This article was the second in our series on 


Optoelectronics now used in auto 
ignition systems 

As a new type of “breaker points’’ for 
the transistor auto ignition system, Siem¬ 
ens is experimenting with what they call a 
“light barrier”, or light switch, as being 
simpler and longer lasting than systems 
now in use. The first electronic ignition 
systems simply used the breaker points 
already on the car, on the basis that the 
points might last indefinitely with the 
negligible current drawn by a transistor 
circuit. Later, magnetic pick-up systems 
that require no physical contact of the 
“breaker points” have been used, and the 
Siemens report also speaks of magnetore¬ 
sistor sensors and Hall generators being 
used to trigger the transistor ignition. 

In the Siemens device, an LED transmits 
the trigger signal for the ignition and a 
phototransistor picks it up. Between the 
light-emitting diode and the phototran¬ 
sistor is a slotted disc that rotates on the 
distributor shaft, allowing a narrow beam 
of light to pass at the firing point. The 
duration, or dwell, depends on the slot 
width. 

Before full-scale production can be 
started, there are temperature and eco¬ 
nomic problems to be ironed out. Metal 
cases would be satisfactory at the temper¬ 
atures to be withstood, but cost consider¬ 
ations indicate the use of plastic. R-E 
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Digital Clock! 



It's easy with the Calectro 
Digital Clock Kit! The com¬ 
plete kit with everything 
necessary for fast, easy 
assembly, including illustrat¬ 
ed step-by-step instructions. 
See the Digital Clock, TTL 
Power Supply, Motor Speed 
Control, DC Regulated 
Power Supply and Burglar 
Alarm kits at Calectro dealers 
everywhere! 


Catecfoo Kcfa-Peadt/ to A44&H6&, 
fim - 


GC ELECTRONICS 

DIVISION OF HYDROMETALS, INC. O 
ROCKFORD, ILLINOIS 61101 U.S.A. 


CIRCLE 58 ON FREE INFORMATION CARD 


























Now you can service with 
a TEKTRONIX Oscilloscope for as little as *695* 

Cost of service instruments is an impor- with important convenience features; 

tant factor in any purchase. But so is beam finder, single knob triggering, auto¬ 
reliability. Now T900 Oscilloscopes give matic selection of chopped or alternate 

you both Tektronix quality and reliability mode, and automatic selection of tv line 

at prices designed for cost sensitive appli- or frame display (except T912 Storage 

cations. model). T900 scopes are compact (7x9x 

TQ21—Ds to 15 Mhz- sinale trace 19 in>) and M 9 htwei 9 ht ( only 16 lb ->- They 

T921 Ds to 15 Mhz, single trace, are avaj|ab|e wjth a fuM election of ac- 

single time base.$695 roe . cnr :_~ 

T922—Dc to 15 MHz; dual trace, 

single time base.$850* For a demonstration of any T900 Oscillo- 

T932—Dc to 35 MHz; dual trace, scope or a free copy of the new T900 

single time base.$1195* brochure, write to Tektronix, Inc., P.O. 

T935-DC to 35 MHz; dual trace, Box 500 - Beaverton, OR 97077. For im- 

delayed sweep time base.$1395* mediate a L s i® tance ' caM (503) 644 -° 161 > 

T912—Dc to 10 MHz; bistable stor- extension T900. 

age; writing speed to 250 T900 Series 

cm/ms; dual trace, single time the quality low co: 

base .$1300* Oscilloscopes 

Performance to Spare 

All T900 scopes feature large (8x10 cm), 
bright crt’s; sensitivity of 2 mV/div to 10 
V/div in twelve calibrated steps; regu¬ 
lated power supplies; and 3% accuracy. 

T900 Oscilloscopes are also equipped 

*AII prices 
include 10X 
probes. U.S. 

FOeT Beaver- TEK TRONIX® 

ton, Oregon. com/n/ftaMo ^ excellence 
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Jolt 4K RAM Module 
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I WAS INTRODUCED TO THE EXCITING REALM OF 

microcomputers and machine language pro¬ 
gramming through the JOLT CPU board, 
and I continue to have great respect for the 
system. For some time, I have been eager to 
expand the system’s memory and get on to 
bigger and better things. And that is what the 
4K RAM board is all about—a nice large 
chunk of additional programming space. 


Packaged onto the 4.25 X 7-inch JOLT 
board are a total of 36 integrated circuits, of 
which 32 are the memory devices. The only 
other components are 18 bypass-capacitors 
and three jumper wires. Each memory IC is 
organized as 256 4-bit words. Multiplying 256 
by the 32 IC’s gives 8192 4-bit words. 
Converting to the 8-bit word length of the 
6502 fiP, the number of words is halved to 
4096, or 4K for short. 

There are 8 input-address leads to each 
memory IC to address the 2 8 (256) words, and 
4 output lines. The eight least-significant 
address lines (A0-A8) originating from the 
CPU card, feed the eight memory-address 
terminals of all the memory IC’s in parallel. 
CPU address lines A8 through All are the 
inputs for a 74154 4-line to 16-line decoder. 
Each output from this IC connects to the 
enable pins on a pair of memory IC’s. The 
four input/output data leads on one of the 
pair connects to the RAM board data lines 
DO through D3, and the other circuit to D4 
through D7. 

This leaves the upper four address lines 
A12 through A15. In the JOLT scheme of 


things, one-half the total memory space has 
been reserved for user RAM and the other 
half for inputs, outputs and other peripheral 
functions such as the interval t imer on the 
MOS Technology 6530 IC. The A14 input is 
permanently wired to the chip-enable pins of 
all the 32 memory circuits, which blocks off 
two 16K blocks from 4000, 6 to 7FFF I6 and 
COOO, 6 to FFFF 16 . 

Address lines A12, A13, and A15 or their 
complements are connected to assign the 4K 
board to a segment of the remaining 32K 
memory space. Two gates of a 7400 quad 2- 
input NAND gate are wired as a three-input 
gate that connects to the two enable pins of 
the 4-to-16 line decoder. As an example, 
when A12, A13 and A15 are all comple¬ 
mented, and since A14 is permanently 
complemented, the most significant hex 
address digit of 0 would enable the decoder 
and the memory will respond to addressing 
from 0000 to 0FFF. 

The basic CPU board comes with 512 
words of RAM assigned to 0000 to 01FF, If 
the 4K board is assigned 0000 to 0FFF, the 
continued on page 32 


Make working on CB’s easier 
with the CommLine from Hickok. 
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a) Model 217 Semiconductor Analyzer. $169 

b) Model 385 Autoranging 500 MHz Frequency Counter. $499 

c) Model 244 Mobil /Comm Power Supply. $125 

d) Model 334 Digital Multimeter. $234 

e) Model 388X Pro CB In-Line Tester. $475 

f) Model 256 CB / RF Signal Generator. $199 

g) Model 270 Function Generator. $189 

h) Model CL-1 CommLine Rack Cabinet. $35 

M|CKOK To Put together exactly the CommLine 

-—... CB Service Center you need, 

see your Hickok distributor. 
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6800-SOFTWARE 


WARNING — It has been determined that reading this ad may be hazardous to your health, if you own 
another type computer system. We will not be responsible for ulcers, heartburn, or other 
complications if you persist in reading this material. 


4 K BASIC - 8 K BASIC' 

* Full floating point math 

* 1 .OE-99 to 9.99999999E+99 number range 

* User programs may be saved and loaded 

* Direct mode provided for most statements 

* Will run most programs in 8K bytes of memory (4K Version) 

or 12K bytes of memory (8K Version) 

* USER function provided to call machine language programs 

* String variables and trig functions—8K BASIC only 


COMMANDS 


STATEMENTS 


FUNCTIONS 

LIST 

REM 

END 


ABS tVAL tSIN 

RUN 

DIM 

GOTO* 

STOP 

INT t EXT$ t COS 

NEW 

DATA 

ON. . .GOTO* 

GOSUB* 

RND t LENS t TAN 

SAVE 

READ 

ON. . .GOSUB* 

PATCH* 

SGN t LEFTS t EXP 

LOAD 

RESTORE 

IF. . .THEN* 

RETURN 

CHR t MID$ t LOG 

PATCH 

LET* 

INPUT 

t DES 

USER t RIGHTS t SQR 


FOR 

PRINT* 

t PEEK 

TAB 

* Direct mode statements 


NEXT 

t POKE 


f 8K Version only 





MATH OPERATORS 


KbLA 1 IUNAL UrtKA 1 Urf5> 


- (unary) Negate 


= Equal 


BankAmericard 

* Multiplication 


< > Not Equal 

mszrn 

/ Division 


< Less Than 

r9HEl 

+ Addition 


> Greater Than 


- Subtraction 


<= Less Than or Equal 


t♦ Exponent 


>= Greater Than or Equal 



© Copyright 1976 by Southwest Technical Products Corp. 4K and 8K BASIC Version 1.0 program material 
and manual may be copied for personal use only. No duplication or modification for commercial use of any 
kind is authorized. _ 

You guys are out of your minds, but who am I to complain. Send — 



Box 32040, San Antonio, Texas 78284 
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EQUIPMENT REPORTS 

continued from page 30 


first 512 words would overlap the CPU 
memory space and the memory on the CPU 
board would have to be removed. Microcom¬ 
puter Associates recommends that additional 
memory space be filled starting at 1000. That 
makes good sense and that is precisely where 
I wired it by inverting A15 and A13, while 
using the noninverted A12 lead. Two CMOS 
circuits (a 4050 non-inverting hex-buffer and 
a 4049 inverting hex-buffer) buffer these 
high-order address lines as well as A8 
through All. 

Don’t get worried by all this; the documen¬ 
tation is excellent and there is a simple chart 


telling where to connect the three jumpers for 
all possible memory space allocations. 

Also interconnecting the CPU and RAM 
boards are the eight DO through D7 data 
leads and the RW (read-write) and WRITE 
signals. The data lines are bi-directional for 
both reading and writing data. RW is wired 
to the 32 output-disable pins in parallel. 
When the signal is at a logical 1—a read 
condition—the data lines become high- 
impedance inputs. The R/W memory IC pins 
connect to the CPU WRITE lead; when it is 
low the memory is in its write state. Only the 
pair of memory IC’s selected to write at any 
time will present a low drive impedance to 
the data lines. 

Construction of this board calls for the 
same care as all computer boards. The right 



UHAN Tipi LUCK, 


Here's The 
REAL THING 


itors here. These are the original, 
CHANNELLOCK tongue-’n-groove 
'he ones with the smooth-working, 
id, undercut mating parts that 
p out. The ones with the reinforc- 
>e that practically eliminates stress 


reakage. The 


sir kind. Be sure you 
CHANNELLOCK. Look 


tools are a must and should include a first- 
class soldering iron and a magnifying glass'. 

The 4K memory board can be stacked with 
the CPU, PIA, power supply, and future 
options using connectors for the address, 
data, and control lines, or with simple wire 

Typical current drain is 1-amp from a 
single 5-volt power supply. And typical 
boards do exist since our sample took just 
about 1 amp. The maximum current drain is 
1.9 amps. You must evaluate your power- 
supply situation and may have to beef up its 
capacity. The standard JOLT supply will 
support a CPU, 4K RAM, and an I/O 

Just what does 4K of memory do for you? 
A mathematical operating system easily fits. I 
have just finished writing a floating point 
package that uses a little more than IK of 
memory. 

The JOLT 4K RAM card sells for $199 in 
kit form and $249 assembled. It is available 
from Microcomputer Associates, 2589 Scott 
Boulevard, Santa Clara, CA 95050. Also 
available are cards for the Intel 8080A and 
the Motorola 6800. The Signetics 2650 system 
is on the drawing board. R-E 


Helectronix L-15 Pulse- 
Sweep Function Generator 
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THE FUNCTION GENERATOR IS RAPIDLY REPLAC- 
ing the audio-signal generator on the service 
bench. It is actually an audio-signal genera¬ 
tor, but much more versatile and covers a 
wider range of frequencies and waveforms. 
With modem IC’s, it can do many tricks not 
before possible. A good example of this is the 
model L-15 Pulse-Sweep Function Generator 
made by Helectronix, 8100 St. Clair Av., 
North Hollywood, CA 91605. 

This is an extremely compact little instru¬ 
ment, only 6x2x4 inches (16 X 8 X 10 
cm.) It has all of the standard function 
generator outputs—sine, square and triangle 
waveforms. We’ve used squarewaves for 
audio testing for quite a while and they’re 
still good. You’d be surprised, though, at how 
handy a triangle wave really is! It will show 
up any tendency of the equipment to clip 
(when the wave form peaks flatten). Any 
other kind of distortion will show up as a 
curvature of the straight (sloping) sections of 
the waveform. 

The frequency coverage of the L-15 is 
wide—from 1 Hz to 100 kHz in 5 switched 
ranges. A variable control calibrated from 
X1 to X10 is also provided for fine-tuning 
the frequency, if needed. An amplitude 
control sets the output level of the sine and 
triangle waveforms. The waveforms can be 
selected by a switch. The squarewave has its 
own output jack on the front panel. All 
outputs have an impedance of 600-ohms and 
are short-circuit proof. 

continued on page 34 
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EVERY PROJECT IN 
THIS BOOK IS ANOTHER 
REASON TO OWN 
CSC’SQT SOCKETS AND 
BUS STRIPS. 



Variety -10 models from 70 to 590 solderless 
tie-points feature snap/lock design to expand or 
contract your breadboard to fit every circuit 
and budget requirement. 
Versatility - Use with virtually all types of parts, 
including resistors, capacitors, transistors, 
DIP'S, TO-5's, LED's, transformers, relays, 
pots, etc. Most plug-in directly and instantly, 
in seconds. No special jumpers required-just 
lengths of #22-30 AWG solid hookup wire. 
Molded-in holes let you mount QT units 
securely on any flat surface with 4-40 flat 
head screws, or 6-32 self-tapping screws, 
from behind panel. 
Economy -Sockets are priced as low as 
$3.00* Save more money by eliminating 
heat and mechanical damage to 
expensive parts, re-using components. 
Speed-For fast circuit layouts, QT 
Sockets have 5 interconnecting tie- 
points per terminal; Bus Strips feature 
2 separate rows of interconnecting 
terminals.'Both connect and dis¬ 
connect easily, without damage to 
socket or parts. 
Visibility-All parts are instantly and 
easily visible and accessible, for 
quick signal tracing, circuit analysis 
and diagramming. 
Durability - Higher-temperature 
sockets with abrasion-resistant, 
glass-filled plastic, rated better 
than 100°C. Screw-down-and- 
interlocked design provides high 
mechanical strength. 
Reliability-Ruggedly designed 
to professional engineering 
standards, for heavy day-in, 
day-out use. Non-corrosive 
prestressed nickel-silver contacts 
insure more secure mechanical 
and electrical connections. Vinyl 
backing prevents shorting when 
mounted on conductive surfaces. 


E EE 


With QT solderless bread¬ 
boarding sockets and bus strips, 
you can build twice the projects in 
half the time. Because making 
connections or circuit changes is 
as fast as pushing in-or pulling 
out-component leads. No special 
clips or jumpers required, either. 

When you’re building circuits 
just for the fun of it, you can take 
them apart in minutes—not hours. 

So you save money by re-using parts, 
while eliminating heat damage to 
expensive components. I nterlocking 
QT Sockets and Bus Strips are 
infinitely expandable, too: start small 
and “grow” breadboards as large as 
you wish. 

For as little as $3.00, you can get 
a lot more out of your time in electronics 
-so why not treat yourself to a QT 
Socket today? 


See your CSC dealer or call 

203-624-3103 (East Coast) or 415-421-8872 (West Coast) 
major credit cards accepted. 

' €■ 1976. Continental Specialties Corporation 


44 Kendall Street. Box 1942 
New Haven. CT 06509 • 203-624-3103 TWX: 710-465-1227 
West Coast office: Box 7809, San Francisco. CA 94119 M15-421-8872 
TWX: 910-372-7992 
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The squarewave output of the L-15 is 
fixed-amplitude (4.5-volts minimum) and 
TTL compatible. The risetime and falltime 
are 1.0 microsecond. Beside this, a duty 
cycle control can be used to give pulses of 
either polarity, from a 5% to 98% duty-cycle. 
(This controls the puke-width. In tests on a 
scope, we found that we could make stable 
pulses that were very close to only 1.0 micro¬ 
second wide!) 

You can also use one of my pet quick- 
check tests, an audio-frequency sweep with 
the L-15. All you have to do is apply a 
variable voltage to a jack that is provided on 
the back panel. The voltage-controlled oscil¬ 
lator will give sweep ranges from 100:1 to 
1000:1. Sweep width depends on the ampli¬ 
tude of the applied voltage, which can be 
from 0.5 volt to 10 volts maximum. Excessive 
sweep voltage will make the output clip, so 
watch it! 

The design looks simple. It is built around 
the Intersil 8038 VCO IC. Its sinewave and 
triangle wave outputs are fed into a high 
slew-rate op-amp for buffering. This op-amp 
also provides a short-proof output with a low 
impedance. The TTL squarewave is derived 
from the triangle wave and fed into another 
op-amp. The other input of this op-amp is 
pulse-width modulated between the • + and 
- voltage supplies. This lets you get either a 
logic “1” or “0” by adjusting the duty-cycle 
control either fully clockwise or counter 
clockwise. Because all signals have a common 
source, the VCO, all of them can be swept if 
the need arises. 

The sinewave output can be varied from 0 
to 20 volts P-P, at a distortion of 0.5% typical. 
The triangle wave’s amplitude varies over the 
same range, and its nonlinearity is 2% maxi- 

The L-15 sells for $75.00 fully assembled 
and tested. You can also get it in kit form for 
$55.00 plus $2.00 for postage and insurance. 
The PC board, a complete schematic and 
parts list can be had for $10.00. A wide range 
of choices! 

This is a versatile little instrument and one 
that you’ll be seeing on more and more 
service benches pretty soon. It can be used 
for a great many tests on all kinds of home 
entertainment electronics and for testing 
digital circuitry, which is going to be showing 
up in our shops pretty soon. R-E 


Non-Linear Systems FM-7 
Frequency Meter 
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REMEMBER THIS OLD CLICHE; “GOOD THINGS 
come in small packages”? The cause of this 
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Here is a gift that will always 
please, exciting sports car 
action for all ages, the BCM-100. 
From up to 300 feet away you 
can race this car in any room, 
on sidewalks or driveways... 
steering it left or right... 
stop it, send it in reverse and 
forward again. The BCM-100 is 
more than a toy...both car and 
remote control have rugged, 
sophisticated circuits that 
rival highly developed commer¬ 
cial devices. Battery-powered 
safe for everyone to operate. Control 
circuitry includes 37 transistors 
8 diodes and 1 crystal. Suggested 
retail per set $59.95...Now for 
Christmas only $49.95PPD. 

(Less batteries) 
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is a complex, accurate instrument in an unbe¬ 
lievably small box. It is the FM-7 Frequency 
Meter manufactured by Non-Linear Systems, 
Inc. (Just when I was getting used to saying 
“frequency counter” they call this one a 
frequency meter.) 

The whole instrument measures only 1.9 X 
2.7 inches, and 4 inches deep. The panel has 
one BNC connector and a two-position 
switch; that’s all. The top half of the panel is 
a nice-sized LED readout with seven digits. 
This small size includes the self-contained 
batteries that are rechargeable. 

They’ve taken full advantage of the space 
saving possibilities of integrated circuits, of 
course. The model FM-7 is a direct counter. 
The preamp circuitry conditions the input 
signal, amplifies it and then counts the input 
pulses for 1 second and displays the result for 
1 second. This results in a display that is 
updated every two seconds. The display is 
multiplexed (each digit is scanned) which 
reduces power drain. The scan rate is fast 
enough so that there is no perceptible flicker. 
A highly accurate 2.097152 MHz crystal 
oscillator is used as the timebase; this 
controls the counting and gating circuitry, 
even the 1-second gate. 

The switch selects one of two ranges; 0—10 
MHz that gives a 1-hertz resolution on the 7- 
digit display, and a full-scale range of 100 
MHz that is usable to 60 MHz with a resolu¬ 
tion of 10 Hz. This is well within the FCC 
standards for frequency measurement. Be¬ 
cause of the use of the 7-digit display, the 
instrument can be calibrated to 0.00001% for 
a given temperature and battery voltage. 

The instrument comes complete with a 
coaxial cable terminated in alligator clips, the 
NiCad batteries and the battery charger. 
Fully charged batteries will give continuous 
operation for two hours; it can be recharged 
completely in 14 hours. It can be operated 
from the AC line while the batteries are 
being charged. Overcharge protection is built 
in, so there is no chance of over-charging. In 
emergencies, the NiCad cells may be taken 
out and the unit operated from four standard 
AA cells. These cannot be “charged” of 
course. Battery replacement is very simple; 
the back cover of the case snaps off and the 
works slide out so that you can get to the 
batteries. 

For calibration testing, the display can be 
checked against a frequency standard. If the 
readout is not accurate to one part in 10 7 , it 
can be adjusted; There is a trimmer capacitor 
that is accessible by taking off the back cover. 
Calibration should always be made with the 
batteries fully charged. Temperature stability 
is given as ± 10 PPM (parts-per-million) 
from 0°C to 40°C. The accuracy is ± 1 
count ± timebase accuracy. 

The sensitivity of the model FM-7 is good. 
In fact, you can make frequency readings— 
for example, on CB radios—by simply wrap¬ 
ping the red lead of the input cable around 
the coax where it comes out of the CB case. 
There’s enough RF leakage in a typical coax 
so that you get plenty of signal. To read the 
RF from the antenna, clip a short piece of 
wire in the red clip, about 8 inches long, and 
hold it up parallel with the antenna rod. I 
tried this both ways and they’re right—it 

continued on page 38 



• Combines Dynapeak® testing 
method with HI/LO power 
drive 

• Tests semiconductors and 
identifies all leads; base, 
emitter, collector in LO drive 

• Provides GOOD/BAD 
indicator in circuits with 
shunt resistance as low as 
10ft; shunt capacitance up to 
25 /xF, in HI drive 

• Test performed as quickly 
as one can turn the switch 

• Measures 6%" x 3 3 A" x 1%" 

• Weighs 1/2 pound, less four 
“AA” batteries 

• Price includes test clips and 
carrying case 

• Available from local B&K- 
PRECISION distributors 


PRODUCTS OF DYNASCAN 

6460 West Cortland Avenue 
Chicago, Illinois 60635 • 312/889-9087 
In Canada: Atlas Electronics, Toronto . 
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We checked the model FM-7 against a 
couple of other frequency counters that were 
much larger and more expensive, and it was 
right on the button. For mobile two-way 
radio (up to the high bands), CB radio and 
low-frequency aircraft radio, this compact 
little instrument can be very handy. The 
small size makes it very easy to use when 
working on mobile units, and in tight 

They send along an instruction manual 
with full data for calibrating, checking 
batteries and so on. They also have Applica¬ 
tion Note No. 1 that gives a good deal of 


plain-language data on frequency testing. 

For frequency testing in the 25—50-MHz 
band, the FCC requires that the transmitter 
be held to a tolerance of 0.002%. The 
frequency-measuring instrument must be 
capable of ten-times better accuracy, or 
reading within 0.0002%. This means 30-Hz 
resolution at 60 MHz where the tolerance is 
0.00005%. The FM-7 can be calibrated and 
certified to have accuracy of ± 10 Hz at 60 
MHz. The stability with changing battery 
voltages is 0.0002% from 4.5 volts to 6.5 volts, 
which is 120 Hz—better than FCC standards. 
Below 50 MHz, it is quite a bit better than the 
required accuracy. 

The price of the model FM-7 is as $195.00, 
complete with cable and battery charging 


Manufacturers feeling effect of in¬ 
warranty rates suit 

At least one manufacturer has com¬ 
plained publicly about the side-effects of 
the current industry-supported struggle 
spearheaded by Electro-TV of California, 
in a lawsuit brought against 10 major TV 
manufacturers (Radio-Electronics, May 
1976, page 12). The suit attempts to force 
them to cease violating California law by 
soliciting service repair work below cost. 
In an answer to the suit, Sylvania incorpo¬ 
rated the statement: 

“Sylvania has been compelled to pay 
higher rates to television and repair agen¬ 
cies than it otherwise would have paid.” 
The statement went on to admit that the 
plaintiff (Electro-TV) had disrupted eco¬ 
nomic relationships between Sylvania and 
repair service agencies, and that this 
damaged Sylvania by denying it “the 
future economic benefits expected to flow 
therefrom.” (Presumably some of the 
benefits have been diverted to the “ser¬ 
vice agencies.") 

The Scanner, official publication of the 
Arizona State Electronics Association 
(ASEA), from whom we got this news, 
points out that: “Although Sylvania has 
not had all the profits it "expected,” it 
should be noted that the service industry 
has not been seeking warranty profits. 
Rather, it has been the effort of the trade 
associations to save their members from 
losing money and losing their business¬ 
es," through servicing below cost. 

The Scanner goes on: "Sylvania is still 
holding out a threat of countersuit, so 
keep the SIS contributions coming. Mail 
them to M. L. Finneburgh, The Finney Co., 
34 W. Interstate St., Bedford, OH 44146, 
attention Electro-TV SIS Fund.” 

A contribution to this cause might be a 
worthwhile investment; the knowledge 
that an industry group has resources can 
be a deterrent to any contemplated 
counter-suit. 


Satellites permit savings on 
business communications 

RCA has instituted a new service that 
offers businesses the advantages of 24- 
hour-a-day private-line service but will be 
charged principally on a usage basis. The 
rate structure of the “Instant Private 
Network” is made possible by using 
Satcom I and II synchronous orbiting 
satellites. Each satellite has 24 communi¬ 
cation channels, each channel is de¬ 
signed for 1,000 voice-grade circuits. 

Normally a company's private line— 
permanently connected between two spe¬ 
cific points—is charged for on a 24-hour 
basis, though generally used only during 
the regular daytime business hours. The 
Instant Private Line is a pool of trunk lines, 
one of which is brought into service at any 
time by the user, who cannot distinguish 
any difference between it and a conven¬ 
tional private line. 

Each subscriber pays a $100 installa¬ 
tion charge and a fixed monthly switch 
termination charge of $50, a local channel 
charge and a charge of three cents for 
each six-second period of satellite usage. 
The usage charge drops to 2.7 cents per 
six-second increment for the next 30 
minutes, and to 2.5 cents after the first 90 
minutes. Weekend rates are lower. R-E 
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The Black Watch Kit $19.95 



The Black Watch Kit by Sinclair 

is unique. Controlled by a 
quartz crystal...powered by 
two hearing aid batteries. 

Styled in understated elegance 
the Sinclair way. No knobs 
no buttons. To see the exact 
time or date just touch the 
face of the case. A re-set 
control is on the back. 


THE KIT CONTAINS 


1. printed circuit boards 

2. integrated circuits 

3. encapsulated quartz crystals 

4. trimmers 

5. capacitors 

6. LED displays 

7. 2-part case with window in positions 

8. batteries 

9. battery-clip 

10. black strap (black stainless-steel 
bracelet optional extra — see order form.) 

11. full instructions for building and use. 

All you provide is a fine soldering iron 
and a pair of cutters. 


Dimensions: 11/Z"X1"X3/10" 

Weight: 1/2 ounce 

Strap: 3/4" wide 

Case: Specially designed unbreakable black matte 

plastic. Water resistant. 

Batteries: Mallory RM41H 

Accuracy: On a built watch we guarantee accuracy 

within a second a day. In building it yourself 
you may be able to adjust the trimmer to 
achieve an accuracy within a second a week. 



Scientific Calculator Kit $14.95 



1. Coil 

2. LSI chip 

3. Interface chips 

4. Printed circuit board 

5. Keyboard panel 

6. Electronic components pack 

7. Battery assembly and on/off switch 

8. Case moldings, with buttons windows and 
light-up/display in position. Soft carrying case 

9. Comprehensive instructions 

10. Assemble time is approximately 3 hours. 


Designing the Sinclair 
Scientific was no small feat 
of engineering, but you 
don’t have to be an engineer 
to assemble it with our kit. 
You can put together the world's 
most remarkable scientific cal¬ 
culator from eight groups of com¬ 
ponents, using only a soldering 
iron and a pair of cutters. (Com¬ 
plete instructions are included.) 
Less than 3/4-inch thin and 3-3/4 
ounces light. British-made Sin¬ 
clair Scientific isn’t just portable, 
it’s pocketable. 

All parts are tested before ship¬ 
ment — and we guarantee any 
correcly assembled calculator for 
one year. 


Features of the 
Sinclair Scientific 


FUNCTIONS SUMMARY - 

Algebraic logic 
Five function memory 
Sine, cosine, tengent, arcsine, 
arccosine, arctangent 
Degrees/radians switch 
Lnande* 

Square root, pi and reciprocal 
B digit mantissa, plus 2 digit exponent 
Automatic constant 
Pocket-sized. 4-1/3" X2"X 11/16". 

Weight: 4 ounces. 

Battery life. Low-cost, disposable 
AAA batteries (not included) operate for 
around ,25 hours of continuous use. 


1. FREE TRIAL OFFER If you decide not to keep and 
assemble your kit, you may return it undamaged with¬ 
in 10 days for a refund of its purchase price. 


3. WARRANTY Your correctly assembled kit will be 
repaired or replaced by Sinclair if it fails to operate 
within one year of purchase free of charge lexcept in 
the case of misusel. 


To: GFN INDUSTRIES, INC., 6 Commercial Street, Hicksville, New York 11801 


at $24.95 . 


.Black Watch Kit(s) at $19.95. 

.Black Watch Kit(s) with stainless steel 
.Scientific Calculator Kit(s) at $14.95 . 

_.Assembled Black Watch(es) with stainless steel band at $39.9f 

_Assembled Scientific Calculators) at $19.95. 

.Sales Tax (N.Y. Residents) . 

.Shipping and handling ($2.00 PER UNIT). 

Enclosed is check/MO (payable to GFN Industries Inc.) 

TOTAL . 


Quantity discount: For 6 or more units, the total shipping and handling charge is $5.00. 
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NO MATTER WHAT OUR FIELDS OF EMPLOYMENT OR OUR HOBBIES 

may be, there will always be accessories available to simplify 
and expand the scope of our activities and to enable us to 
obtain more pleasure from them. Presently, this applies more 
to CB radio than to any other activity. There are a huge 
number of different types of devices and accessories available 
to the CB operator. To list all types and models of all devices 
and accessories that are possible additions to the basic 
transceiver/antenna combination would be impossible. 


Security 

Any means that can be used 
to protect a CB radio and 
antenna against malicious da¬ 
mage and theft are prime 
considerations for the CB 
operator. This includes alarms 
and locks, various quick- 
release devices for rapid re¬ 
moval of the transceiver and 
antenna from the car and also 
various devices that help con¬ 
ceal the fact that your car is 
CB equipped. 

A standard CB antenna is a 
sure tip to the rip-off artist that 
your car has a CB radio. 
Disguise or remove your an¬ 
tenna and you lessen the 
chance that your car will be a 
target for a thief. You can do 
this with one of the following 
devices: 

The Foiler converts your exist¬ 
ing antenna and trunk-lip mount 
so the antenna can be removed 
and stowed in the trunk in a 



q matter of seconds. Mounts the 
tJj antenna on the front edge or side 
lli lip of the trunk lid. $4.95.- 

O SouthCom, Inc. 

Q Stowit is a unique antenna 

tr mount providing a quick and 
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easy method of concealing a CB 
antenna in the trunk of a car. 
Applicable to either a trunk- 
mount or roof-mount antenna. 
One photo shows the antenna in 



its normal position on the trunk 
lid and the other shows it folded 
to the underside of the trunk 
lid.—Holly Enterprises. 

Quick-release mounts, models 
M-450 and M-460, are two 
quick-release accessories that al¬ 
low fast, temporary removal of 
mobile CB antennas to prevent 
theft or damage. The model M- 
460 uses a combination lock on 
the antenna collar to discourage 
theft. The locking collar and 
base insert between the anten¬ 
na’s coil and mount; permitting 
only the user to remove the 
loading coil and whip. The 
quick-release allows temporary 
disassembly to prevent damage 


We can in no way list all possible CB accessories in this 
magazine, so we have elected to present thumb-nail descrip¬ 
tions of unique and unusual devices and accessories that we 
feel will enable you to realize maximum performance, security 
against theft and more pleasure from CB operation. The items 
described here will give you an idea as to the types of 
accessories available. You may decide on an item shown or 
shop around for similar devices that may prove to be more 
applicable to your needs. 


from automatic car washes. 

The model M-450 is a quick- 
release kit that allows the whip 
to be removed from a base- 
loaded antenna for protection in 
car washes. A downward push 
and twist on the new knurled 
adapter releases the antenna’s 



whip from the base. Kit includes 
adapter, Allen wrench and whip 
trimming instructions. Model M- 
460, $16.95; model M-450, 
$4.25.—Antenna Specialists Co. 

Electric antenna, model CBE- 
10, is designed for fender mount¬ 
ing. With a flick of a switch, the 
antenna extends to its full length 
and turns on the radio automati¬ 


cally. Another flick of the switch 
and it disappears into the fender, 
turning off the radio. The CBE- 
10 (shown in the photograph) 
consists of approximately 31- 



inches of chrome-plated stain¬ 
less-steel telescoping mast with 
18 feet of coaxial cable. Retracts 
into the fender well to within 3 
inches of the mounting surface. 
The preferred location is in the 
left rear fender. Center loaded. 
SWR 1.3:1. $64.95.—Tenna 
Corp. 

Pro-Elec-Tele-Tenna, model 
VE-027-FR (not shown), at the 
flick of a switch extends to a 5- 
section stainless-steel 48-inch an¬ 
tenna in 5 seconds. Impedance 
50 ohms. SWR 2.0:1. Supplied 
with RG-58/U and PL-259 con¬ 
nector and extension cables for 
either front or rear mounting. 
$89.50.—Valor Enterprises, Inc. 

Electric AM/FM/CB antenna, 
model EMA-100 (not shown), 
that disappears into the fender of 
a passenger car or light truck 
when not in use. It replaces the 
existing AM or AM/FM radio 
antenna or can be mounted inde- 























A look at a few of the new and 
unusual CB accessories that you can 
add to the basic transceiver and antenna 


ROBERT F. SCOTT 

TECHNICAL EDITOR 


pendently in the front or rear 
fender of virtually any car or 
truck. The coil of this top-loaded 
antenna is Connected directly to 
the output of the radio at all 
times; even when the coil is 
retracted into the fender. This 
precludes the possibility of dam¬ 
age to the transceiver if the mike 
is keyed into an open circuit of 
an antenna not fully extended or 
coupled. The SWR is 1.5:1 or 
better when fully extended and 
3.0:1 when fully retracted into 
the fender. Depth of space 
required in fender well is 19 
inches. Bandwidth is 26.5 to 27.5 
MHz. The EM A-100 incorpo¬ 
rates a relay that can be 
connected to any convenient cir¬ 
cuit such as the CB radio to 
allow automatic extension when 
the radio is turned on and auto¬ 
matic retraction when the set is 
turned off. $69.95.-CPD Indus¬ 
tries, Inc. 

Low-Profile Anti-Rip-Off, 

model GPL-69, is an antenna 
tuner that permits the standard 
AM or AM/FM radio antenna 
to be used for CB as well. It 
mounts under the dash in a 
convenient location and has a 
directional coupler to facilitate 
tuning. Just key the mike and 
adjust the tuning controls for 



maximum brightness in the 
green indicator and minimum 
intensity in the red indicator. If 
someone changes the height of 
your broadcast antenna, the red 
indicator lights so you’ll know to 
check the antenna height. Or, if 
it is more convenient, to readjust 
the tuning controls for the new 
antenna height. 

The GPL-69 includes a TVI- 
suppression filter and a circuit 
that protects your radio and 
isolates it from the full CB power 
output if a critical component 
fails. With the GPL-69, the 



average car radio antenna gives 
performance roughly equivalent 
to a gutter-mount antenna.— 
Glatzer Industries Corp. 

Antenna converter, model 210 
(not shown), matches a CB trans¬ 
ceiver to a car’s broadcast radio 
antenna. A tuning set-screw 
enables you to adjust the match¬ 
ing network for the lowest SWR. 
An indicator light provides as¬ 
surance of correct tuning. Mea¬ 
sures 3'/i X 2 3 /i X l'/i inches.- 
Lake Electronics, Inc. 

AM/FM/CB Antennas, mod¬ 
els M-267 and M-264. The M- 
267 installs easily in the space 
that AM or AM/FM antennas 
occupy on the cowl of a car. 
Center-loaded 46-inch stainless- 
steel whip fits any existing 7 /»- 
inch to l5 /i<,-inch mounting hole. 


Coax phasing harness comes 
with all connectors attached. It 
permits an exact match to both 
radio systems. 

The model M-264 AM/FM/ 
CB Disguise Antenna (not 
shown) hides the fact that you 
have a CB radio in your car. 
Detachable 40-inch stainless- 
steel whip looks like normal 
cowl-mounted AM/FM antenna. 
Fits l5 /i6-inch mounting hole and 
includes adapter for mounting in 
holes up to 1% inches. Includes 
coupler that permits you to 
operate AM or AM/FM radio 
along with CB rig.—The Antenna 
Specialists 

If you plan a permanent or 
semi-permanent installation in 
your vehicle, protect it with the 
most secure and substantial 
mounting hardware you can 


find. If you decide on a slide 
mount, select one with a cylin¬ 
der-type lock. If you opt for the 
standard hanger brackets, 
consider the security offered 
by some models that come 
with a pair of cylinder locks 
instead of the two knurled 
thumb screws that fasten the 
bracket to the sides of the 
radio. 

Another means of providing 
maximum security along with 
ease of portability is the use of 
the new Brammall Barrels as 
part of the installation hard¬ 
ware. Mounting screws pass 
through the barrels or lock 
bodies—cylinders with a hole 
just large enough to pass the 
shank of the mounting screw 
at one end and threads to 
engage a cylinder lock at the 
other—into the dashboard or 
the sides of the CB radio case. 
Figures 1 and 2 show how 



Brammall Barrels are used. 

When fastening mounting 
brackets to the dash, the 
screw heads are made inac¬ 
cessible to plugs hammered 
into the threaded ends of the 
barrels as shown in Fig. 1. The 
CB set—or tape player or 
radio—is fastened to the han¬ 
ger bracket with ordinary 
mounting screws whose heads 
are protected by lock-in plugs 
as in Fig. 2. The plugs can be 
removed with keys to provide 
easy access to the mounting 
screws. The radio can then be 
removed from the vehicle for 
maximum security. 



The Brammall Barrel kit 
comes with all necessary hard¬ 
ware and a warning sticker to 
paste on the inside of one of 
the car’s windows. The kit is 
$9.95. 

If you must leave your car 
for long periods in unattended 
parking lots, you are advised 
to protect your radio with a 
good alarm system or remove 
the set and take it with you. In 
any event, here are several 
items to consider: 

CB-Saver is a storage and 
travel ease for CB radios. It is a 
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tough, attractive, molded case 
with a foam cushion interior that 
can be custom fitted for most CB 
radios measuring up to 3 X 9 X 
12 inches.—Falcon Enterprises, 
Inc. 

CB-Porta-Protector is made in 
three sizes; the basic 12 X 7 X 
4-inch model being the most 
popular. Body material, includ¬ 



ing the carrying strap, are 39- 
ounce expanded vinyl with cot¬ 
ton lining.—Andor Corp. 

The Nailer is a protective 
device for CB radios and CB 
antennas that is hooked up to the 
car’s horn or an auxiliary alarm 
system. If a thief tries to remove 



either the radio or antenna and 
breaks a ground wire or removes 
the PL-259 connector from the 
set, the alarm will automatically 
sound. The Nailer works off the 
car’s 12-volt battery and can be 
installed in a matter of minutes. 
$29.95.—Valor Enterprises 
Radio-Sentry CB Theft Alarm 
can guard two units such as the 
CB radio and a tape player. 
Tampering with or removing 
either device activates a solid- 
state sensor that sets off the 



alarm. Options include a siren 
and an expanded sensor that will 
operate as a vehicle burglar 
alarm in addition to providing 
CB protection. Basic Radio Sen¬ 
try is $13.95, siren $14.50, ex¬ 
panded anti-theft alarm $19.95.— 
Electronic Specialists 

Self-contained alarm system, 
model CR10-33, for installations 

OS 


where no alarm is presendy in 
operation. It emits a 100-dB 
signal the instant that an unat¬ 
tended CB radio is touched. The 
unit operates on a 9-volt tran¬ 
sistor battery and can be con¬ 
cealed under the dash. Installa¬ 
tion does not require a connec¬ 
tion to the car’s electrical system. 
Comes with sensor tape and 
interconnecting wire. $29.95.— 
The Magitran Co. 

Convenience 

Any device that increases 
the versatility, efficiency and 
operating ease is a worthwhile 
addition to any CB installation. 
There are a number of new 
“convenience” accessories 
that you welcome as adjuncts 
to your station. Dollars to 
doughnuts; you’ll select a few 
of these for your Christmas 
shopping list. 

Channel Monitor, model CM- 
2, operates in conjunction with 
the automobile radio and your 
CB transceiver. When a CB call 
is received, the car radio cuts out 
so the call can be heard. After a 
short delay, following the call, 
the car radio returns to normal 



operation. The OM-2 is sensitive 
to both audio and RF so it will 
also silence when you transmit. 

It operates with any car radio 
that has an external speaker, and 
any CB, ham or marine radio 
that is equipped with an external 
speaker jack. Equipped with all 
necessary mounting hardware, 
installation instructions and de¬ 
tails on modifying equipment 
that does not have the necessary 
“plug-in-and-play” connections. 
$29.95.—EICO Electronic Instru¬ 
ment Co. 

Solid-state Killer switching 
system permits hands-free opera¬ 
tion of both the broadcast radio 
and CB transceiver in a car. 
When a CB call is received, the 



Killer immediately swatches the 
cars speakers from the broadcast 
radio to the CB rig. The device is 
also actuated whenever the mike 
is keyed. A short time-delay on 
drop-out prevents switching back 
and forth between words and 
sentences. 


The Killer operates with al¬ 
most all types of two-way radio 
systems, monitor receivers, scan¬ 
ners, etc., and will control most 
audio sources such as AM/FM 
radios, tape players, etc. Works 
on both mono and stereo audio 
systems. Installation does not 
require opening either radio. 
$39.95.—Rogers Electro-Matics, 
Inc. 

CB Boom Mike Headset, mod¬ 
el CB-88, features a noise¬ 
cancelling power microphone 
that delivers clear, crisp speech 
even in a moving vehicle where 
wind, traffic and engine noises 
normally interfere with the trans¬ 
mission. The mike has a varia¬ 
ble-gain amplifier and is 
mounted on a pivoting boom so 



that it can be close to the lips and 
moved aside when not in use. 
The push-to-talk switch has a 
clip for convenient attachment to 
a shirt or blouse. 

Can be used with either the 
right or left ear and, if desired, 
can be worn without the head- 
band. An adapter is furnished 
which allows the ear-piece to be 
clipped to the user’s eyeglasses. 
Less than $70.00.-Telex Com¬ 
munications, Inc. 

Mobile headphone, model 
CR10-2SMD, has a noise-can¬ 
celling boom mike with a remote 
push-to-talk button that mounts 
quickly on the turn-signal or 
gear-shift levers. The unit in¬ 
cludes a 500-ohm microphone 
with an adjustable noise-cancell¬ 
ing feature. The headphone has 



a built-in automatic gain control 
that prevents ear “blasting” or 
overload from nearby trans¬ 
ceivers. $45.00. 

The model CB10-2SVX 


(not shown) is similar to the 
CB10-2SMD except that it in¬ 
cludes a VOX circuit that auto¬ 
matically keys the mike at the 
sound of the operator’s voice- 
allowing completely hands-free 
operation. $100.00.-Superex 
Electronics Corp. 

CB Caddy is both an anti-theft 
device and a convenient mount¬ 
ing complete with a built-in 4- 
inch 8-ohm speaker that rests on 
the transmission hump, floor or 
seat of nearly any vehicle. It is 
adjustable to fit various shapes 
of mounting surfaces. Made of 
high-impact molded ABS plastic, 



the Caddy adjusts to hold most 
CB radios up to 3 X 8‘/2 X i'/i 
inches. Once the radio is 
clamped in place on the shock- 
resistant foam, only the 12-volt 
DC and antenna connections are 
required for installation. Com¬ 
pact and light weight, the Caddy 
stores easily in the trunk or can 
be carried anywhere with the 
convenient retractable handle.— 
Falcon Enterprises, Inc. 

CB mounts, Ten-Two and 
Good Buddy, have all the fea¬ 
tures vital to safe and efficient 
operation of CB radios. Radios 
can be quickly and easily de¬ 
tached. There is nothing to 
unplug—antenna, power and 
speaker cables are wired through 
contacts in the mount. Controls 
and mike are easily reached and 
visible from the normal driving 
position. Each mount has a 
communications-type speaker 
that improves sound quality and 
filters out noise. Both mounts are 
positioned so sound is directed 
toward the driver and mount 
securely to the roof or transmis- 

The Ten Two (shown) is made 
of textured '/g-inch ABS plastic 
with a matte finish that comple¬ 
ments the car’s interior. It is Sc¬ 
inches high, 6 3 /s-inchs wide and 
9'/2-inches deep. The detachable 



mike-mount section is inverted 
when the Ten-Two is roof 
mounted. The transceiver is fas- 
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tened to the mount through a 
slide connector. $29.95 with an¬ 
tenna connector and $24.95 with- 

The Good Buddy model (not 
shown) is made of heavy scuff- 
resistant wood-grain vinyl over 
3 /8-inch particle board. Measures 
5 ‘/t-inches high, 7 3 /4-inches wide 
and 10-inches deep. $34.95 with 
antenna connector, $29.95 with¬ 
out.—Gamber-Johnson, Inc. 

CB mount, Port-A-Mount 302, 
is a completely portable flat- 
based mounting unit designed 
for use in cab-over trucks, vans 
and recreational vehicles and 
cars without transmission 
humps. Mounts without drilling. 
Velcro fasteners securely adhere 
to carpeted surfaces. Mating self- 
adhesive Velcro fasteners fur¬ 
nished for surfaces without car¬ 
peting. Tilted surface design per¬ 
mits ready access to controls and 
limits sound dispersion from the 
built-in auxiliary speaker.—SMA 
Products, Inc. 

Battery Check continuously 
monitors battery, charging sys¬ 
tem and electrical loads in vehi¬ 
cles equipped with 12-volt elec¬ 
trical systems. Maximum CB- 
range and trouble-free operation 
requires that the car’s battery 
and electrical system be in top- 
notch condition. The Battery 
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Check, with its expanded-scale 
meter with its red and green 
“status bands” provides high 
accuracy and easy reading. 
Checks the electrical system 
when cranking, with no load and 
when charging. $39.95 to $45.95, 
depending on model and finish. 

Flash-Cube CB transmitter 
monitor has LED’s that form a 
light bar “meter” that glows as 
transmitter power is applied. The 



LED’s flash to show modulation. 
Has a detachable mount and can 
be used mobile or base. $25.95- 

Electronic Specialists. 


Regulated power-supply, model 
VRPS-6, is designed to give 
maximum performance from 
mobile CB radios when used at 



home or office. It has an output 
of 6.0 amperes. Comes complete 
with input power cord, switch, 
pilot light and operating instruc¬ 
tions. Power input 120-VAC 60- 
Hz; output 13.8 VDC.-Valor 
Enterprises. 

CB power supply, model 
I38A3, lets you operate a mobile 
CB transceiver, tape deck and 
other auto electronic devices 
from 117-VAC sources. The out¬ 
put is 13.8-volts 3-amps. The 



voltage regulation is such that 
no-load to full-load results in a 
change of only 0.05 volt. Typical 
ripple is 2 to 5 mV P-P. Output is 
short-circuit protected by current 
limiting. Current is limited to 3.5 
to 4 amps. $49.88-E & G 
Research and Manufacturing, 
Inc. 

Power supply, model AD-112, 
is designed to power mobile CB 
transceivers and other mobile 
electronic devices. Equipped 



with lever-type on-off switch and 
LED power indicator. S'/i-inches 
wide, 3-inches high, 6 3 / g -inches 
deep.-Sharp Electronics Corp. 

Antenna Matcher, model 
CBM-4, is an antenna matching 
device designed for the Citizens 



band. Most transceivers operate 
into 50-ohm loads, delivering 
maximum power with minimum 
distortion and harmonic radia¬ 
tion. A mismatch between anten¬ 
na and transceiver occurs be¬ 
cause the antenna impedance 
varies widely with frequency and 
physical location. The Antenna 
Matcher assures that the trans¬ 
ceiver will be matched to the 
antenna at any time and on any 
channel with minimum har¬ 
monic radiation. Matches radio 
to antenna impedances of 35 to 
150 ohms. Fitted with SO-239 
connectors. 

The LP-7 low-pass filter is 
inserted between the output of 
the CB transceiver and the trans¬ 
mission line to attenuate the 



TVI-producing harmonics that 
are produced by many radios. 
The cutoff frequency is 30 MHz. 
Impedance is 50 ohms. Maxi¬ 
mum SWR is less than 1.2:1 at 
27 MHz.—Siltronix 
CB Receive Signal Preamp, 
model VRSC-115, is designed to 
provide a gain on weak received 
signals and attenute loud re¬ 
ceived signals to a desired level. 
It lets you receive weak signals 
with an additional gain of +15 
dB and lets you attenuate loud 



signals as much as —20 dB on all 
CB channels. Has bracket for 
under-dash mounting. Front 
panel includes gain/attenuate 
control, power indicator light 
and transmit indicator light. 
$39.95—Valor Enterprises, Inc. 

CB Range Controller, model 
CRC-11, is designed as the an¬ 
swer to crowded CB channels in 
metropolitan areas and the need 
for close-range private commu¬ 
nications on CB. It independent¬ 
ly controls the receive range and 
the transmit range of your CB 
set. It is essentially an adjustable 
linear RF attenuator with a 
solid-state transmit/receive relay 
that insures full power output 



when you transmit'. In the 
receive mode, signals can be 
attenuated by as much as 50 dB, 
eliminating much of the cross¬ 
modulation and bleed-over and 
reducing the effective noise lev¬ 
el. 

The GRC-11 has a privacy 
feature. When the mode switch is 
switched from normal to pri¬ 
vate, both transmit and receive 
signals are attenuated approxi¬ 
mately 36 dB. This results in an 
effective range of approximately 
one-quarter mile. In this mode, 
you can have private, uninter¬ 
rupted conversations with a 
friend traveling along with your 
convoy.—Glazer Industries Corp. 

Mobile CB receive preamp, 
model LR-3, is a valuable ad¬ 
junct to any CB communications 
system. It provides 20-dB voltage 
gain into 50 ohms. Connected in 
series between the antenna and 



the receiver input, the LR-3 
boosts received signals without 
in any way degrading the trans¬ 
mitted signal. A “sniffer” circuit 
senses the presence of trans¬ 
mitted RF signals and automati¬ 
cally causes the transmitted sig¬ 
nal to bypass the receive pream¬ 
plifier and be fed directly to the 
antenna. 

Intended for negative-ground 
systems, the LR-3 operates from 
12-volts DC so it is easily inte¬ 
grated into any mobile CB instal- 

lation.-EICO Electronic Instru¬ 
ment Co. 

RF preamplifier, model 3000, is 
a small “put it anywhere” device 
that brings in those weak signals. 



Typical gain is 25-dB with only 
1.5-dB noise gain. Bandwidth is 
2 MHz. Features dual MOSFET 
design, polarity protection and 
measures only l s / 8 X 3 7 / s X 2 z 
inches.—Digital Sports Systems O 
Signal Hunter, model 1043, is a m 

direction-finding antenna that S 

tracks any signal without trian- m 

gulation. Mounts on car in 31 

seconds for simple, fool-proof 5 

operation. In emergencies, find o> 
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lost or stranded motorists or 
-boats in distress, day or night. 
Also useful in tracking down the 
source of interference from neon 
signs, leaky power-line insulators 


and electrical machinery. Also 
useful to CB self-policing groups 
who want to locate illegal CB 
operators. 

The 1094 portable CB antenna 
is a center-loaded antenna you 
can use at a base or other indoor 
installation where it is inconve¬ 



nient to mount a regular outdoor 
antenna. This compact antenna 
simplifies carrying your mobile 
indoors to operate as a base. 

Co-Phase Antenna Matcher, 
model 1098, tunes dual CB- 
antennas for lowest SWR with¬ 
out special harness. Length of 
cable from antennas to matcher 
is not critical. Correct co-phase 



m matching and low SWR contrib- 
iii ute to more uniform coverage 
O and increased antenna gain. 

Q Twin-rig Transceiver Coupler, 

cn model 1075, is a line-splitter and 
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coupler that lets you hook up 
your main transceiver and a 
spare rig or receiver and work 
both off the same antenna. 
Impedance 50 ohms, frequency 
11 to 65 MHz; insertion loss less 
than 0.5 dB.-Gold Line 

Tools and test 
instruments 

Installation aids and the 
proper tools are essential to a 
simple, attractive and efficient 
CB installation. Test instru¬ 
ments are vital when adjusting 
the transmitter and antenna 
for most efficient operation. 

A field-strength meter is 
useful when tuning the anten¬ 
na/transmitter combination 
for maximum signal output 
during the initial installation. 
Subsequently, it can be used 
to keep a constant check on 
transmitter performance. 

Similarly, a SWR bridge or 
SWR meter is used to measure 
the degree of match between 
the transceiver and antenna 
and is a useful guide when 
positioning the antenna on the 
car and tuning it for best 
performance on the favorite 
channels. 

The power-output meter or 
wattmeter is connected to the 
transmitter output as it feeds 
an antenna or dummy load. It 
reads the power leaving the 
transmitter but does not indi¬ 
cate possible losses due to 
transmission-line attenuation 
to a high SWR. 

Precision test console. Defen¬ 
der TS-1, provides for a constant 
control of SWR and a constant 



check on power output and 
modulation. Includes an antenna 
tuner or matcher, and a switch to 
select either one of two anten- 
nas.-Shakespeare Co. 

Long terminal stud, Ivpe 98- 
500, fits all standard side- 
terminal auto batteries and re¬ 
placement cables. The extended 
length provides for easier 
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booster-cable hook-ups and sim¬ 
plifies auxiliary power take-offs 
for accessories and tune-up ac¬ 



cessories. Fits all GM cars from 
1969 to date.-Falcon Enter¬ 
prises, Inc. 

Crimper, model 1100, for PL- 
259 connectors makes a no¬ 
solder connection that can with¬ 
stand a 40-lb pull on the connec¬ 
tor. With it, you can avoid taking 
a soldering iron to unusual 



places such as to the top of a 
tower or on a rooftop. 

Ground-strap kit, model 1095 
(not shown), helps eliminate stat¬ 
ic caused by poor ground con¬ 
nections between engine and 
frame, body and frame, hood or 
deck and frame and other areas 
where a good metal-to-metal 
contact must be maintained.— 
Gold Line. 

Coax switch, model 418-502, is 
an accessory for the operator 
using multiple antennas of multi¬ 
ple transceivers. The switch has 
three switch positions plus a 10- 
watt dummy load in the fourth 



position. All input and output 
connectors are on the rear panel 
to facilitate a neat base or mobile 
installation. V/i X 8'/i X 4- 
inches. $12.95.—Kris Inc. R-E 
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about 
digital 
multimeters 


PART I. An in-depth look at 
digital multimeters—how they 
work, their specifications 
and applications 


THE CONCEPT OF THE DIGITAL VOLTMETER HAS 
been around for some time. Nonlinear 
Systems introduced the first digital voltmeter 
in the early 1950’s. This unit would measure 
only DC voltages, used a combination of 
vacuum tubes and relays, was not exactly 
portable, and cost thousands of dollars. But it 
was a start. From that point to the mid 60’s 
the instrument remained the laboratory 
digital voltmeter. Major changes were made 
in the accuracy, type of conversion (analog to 
digital) and resolution. Circuit components 
changed from vacuum tubes to discrete solid- 
state and then to integrated circuits. 

The first units barely classified as portable 
and cost nearly one thousand dollars. But the 
advances were rapid. The DMM as we know 
it today was brought to the market in the 
early 70’s. To date there has been a great race 
to see who could build the lowest-cost, most 
accurate, highest-volume instrument. The 
result is hundreds of thousands of these 
instruments for many applications—for the 
user, a real dream come true. 

Theory of digital instruments 

The vast majority of DMM’s are of one 
type of analog-to-digital conversion: dual¬ 
slope. Other types have been used to 
construct digital voltmeters. The single-slope 
converter is used in very-low-cost instru¬ 
ments. Although not too common today, it 
does have some special characteristics that 
make it interesting, and numerous instru¬ 
ments in the field employ this technique. 

The single-slope converter 

The fundamental concept of the single¬ 

* Manager Design Engineering, Heath Co., 
Benton Harbor, Ml 


slope converter is simple. It is to convert an 
unknown voltage to time. Time is chosen 
because simple digital counting circuits and 
an oscillator of known frequency may be 
used to display this time in a digital format. 
To make the single-slope converter work, it is 
necessary not only to convert the unknown 
voltage into time, but to do it linearly. 

To convert voltage to time is relatively 
easy. If a voltage is used to charge a capacitor 
through a resistor, the voltage across the 
capacitor increases in time and approaches 
the charging voltage. The time required for 
the voltage across the capacitor to reach a 
particular value depends on the value of the 
voltage source, the capacitance and the resis¬ 
tance. Unfortunately, this charging rate is not 
linear but exponential. 

A capacitor may be charged linearly, 
however, if a constant-current source is used 
instead of the more common constant voltage 
with a series resistance. Figure 1 shows three 
curves of voltage across a capacitor versus 
time. Figure 1-a shows the familiar exponen¬ 
tial charge obtained from a constant-voltage 
source with a series resistance. Figure 1-b 
shows the linear charge obtained from a 
constant-current source. Figure 1-c shows a 
capacitor being discharged from some initial 
voltage by a constant-current source (source 
of negative current as the current flows 
out). 

Figure 2 is a block diagram of a simple 
single-slope converter. The voltage (E c ) 
across the capacitor generated by charging 
the capacitor from the constant-current 
source, and the unknown voltage (E x ) are 
applied to separate inputs of a voltage 
comparator. The voltage comparator con¬ 
verts analog information on its input to a 


digital signal on its output. If the voltage at 
the + input of the comparator is greater than 
the voltage at the — input, the output will be 
a logic 1. But if the voltage on the + input is 
less than the voltage on the — input, the 
output will be a logic 0. The output of the 
comparator is connected to one input of a 
gate, the other input is connected to an 
oscillator of known frequency. When the 
output of the comparator is a logic 1 and 
switch S2 is at a logic 1, the oscillator signal 
passes from the gate to the counting circuits; 
if the output of the comparator is logic 0 or 
switch S2 is logic 0, no signal is passed to the 
counters. 

Initial conditions of operation require the 
counters to be reset to zero, SI closed, S2 at 
logic 0, (keeping the charge on the capacitor 
at zero and blocking any oscillator signal 
from passing through the gate), and that an 
unknown voltage be placed on the — input 
of the comparator. 

The measurement cycle is initiated by 
simultaneously opening SI and switching S2 
to logic 1. When S2 is switched to logic 1, 
both control inputs of the gate become logic 
1, as the unknown voltage at the 4- input of 
the comparator is greater than the initial 
voltage across the capacitor. With both the 
control inputs at logic 1, the oscillator signal 
passes to the counters, which begin to 
accumulate counts. Simultaneously, the volt¬ 
age across the capacitor begins to rise as z 
there is no longer a short across it. After some ^ 
length of time has passed, the linearly rising 
voltage across the capacitor becomes equal to § 
the unknown voltage at the + input of the Eg 
comparator. An instant after these voltages 
become equal, the voltage at the + input is *3 
less than the voltage at the — input. The 05 
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output voltage of the comparator therefore 
switches from a logic 1 to a logic 0. This 
change on the output of the comparator 
causes the oscillator signal to stop flowing 
through the gate to the counters. Closing the 
gate terminates the measurement. 

The counts now accumulated in the 
counter represent the time the gate was open, 
which is directly and linearly proportional to 
the unknown voltage. Therefore, the counts 
in the counter represent the unknown 
voltage. The final step is to either modify the 


charge rate of the constant current source, or 
to adjust the oscillator frequency so the 
accumulated value in the counter is not only 
proportional to the unknown voltage, but 
also so a voltage of 1.000 produces exactly 
1,000 counts. 

There are, of course, limits to such a simple 
converter. First it measures only voltages of a 
single polarity. Second, circuitry must be 
added to detect input voltages greater than 
the maximum charging voltage of the capaci¬ 
tor. This is known as an overrange condi- 

eo Long-term errors tend to creep into the 
9 single-slope converter. First, it is susceptible 
q to oscillator frquency drift. Second, it is 
cc susceptible to drifts in the value of the output 
O current of the constant-current source. Third, 
|jj accuracy depends on the stability of the 

H 1 capacitor. Fourth, accuracy depends on the 

9 stability of the differential voltage required to 
§ trip the comparator. Fifth, the converter is 
highly susceptible to any noise on the 


unknown voltage, especially as the voltage on 
the capacitor approaches the unknown 
voltage. Like any charge-type converter, the 
accuracy of the converter depends on the 
linearity of the capacitor’s charge rate. The 
linearity requirement necessitates a good 
capacitor and a printed-circuit board layout 
free from high-resistance leakage paths. 
Glass epoxy printed-circuit boards are usual¬ 
ly chosen for this reason. 

Even with the aforementioned and other 
faults, the single-slope converter has been 


used to produce a number of satisfactory 
low-cost DMM’s. The simplicity of the circuit 
makes it very appealing. 

The dual-slope converter 

The need for improved accuracy, espe¬ 


cially long-term accuracy, forced develop¬ 
ment, of an improved converter. It uses the 
linear charge concept of the single-slope type, 
but adds improvements to make the long¬ 
term stability of the converter independent of 
the many variables plaguing the single-slope 
design. 

The dual-slope converter also uses a capac¬ 
itor charged by a constant-current source to 
provide a voltage/time conversion. The dual¬ 
slope differs from the single-slope converter 
in that extensive effort has been made to 
reduce the accuracy and stability require¬ 
ments placed on components and subsections 
of the single-slope converter. The result is a 
converter that maintains high accuracy 
(usually in the 0.5 to 0.01% region) over 
extended periods of time, variations in 
temperature, and with high input noise. The 
design also uses low-cost components. 

The dual-slope converter, as its name 
implies, does not charge or integrate in only 
one direction, but charges the capacitor and 
then discharges it during a measurement 
cycle. This charge/discharge cycle tends to 
eliminate one of the major problems of the 
single-slope converter, long-term inaccuracies 
brought about by the slow drift of the 
components in the charging circuit. 

In Fig. 3, a block diagram of an elementary 
dual-slope converter and its important wave¬ 
forms, these major subsections can be identi¬ 
fied: 

An operational amplifier connected as 
an integrator. When a negative volt¬ 
age is applied to resistor R, the voltage 
at the output of the operational 
amplifier (and thus across the capaci¬ 
tor) rises linearly in time, In effect, the 
capacitor is being charged by a 
constant-current source. 

A switch (SI) that connects the inte¬ 
grator input to either the unknown 
voltage (E x ) or to. . . . 
a reference voltage (E rek ). This switch 
is controlled by the converter circuit 

iy- 

A comparator, connected to the output 
of the integrator, that has a reference 
voltage (usually zero volts) connected 
to its other input. 

A gate, connected to the comparator 
output, 

an oscillator and counter circuit 
identical to those in the single-slope 
converter, and. . . . 
an overrange circuit connected to 
operate the input selector switch 
(SI). 

To operate, the counters initially must be 
reset to all zero’s and the input switch must be 
in the E x position. The output voltage of the 
integrator will initially be at a somewhat 



FIG. 3-DUAL-SLOPE A/D CONVERTER, SIMPLIFIED DIAGRAM. Switch SI is a high-speed analog 
switch actuated by the first overrange of the counting circuits. The first overrange is not 
displayed. 



FIG. 1-VOLTAGE RISE VERSUS TIME ACROSS A CHARGING CAPACITOR. a-Exponential rise 
across a capacitor charged from a constant-voltage source through a series resistance; b —Linear 
rise across capacitor charged from a constant-current source; c—decreasing voltage across a 
capacitor discharged by a constant-current source. 
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negative value from the previous conversion. 
See Fig. 4 for waveform diagrams. This 
negative output causes the comparator to 
have a logic 0 output, keeping the oscillator 
signal from the counter circuits. As soon as 
an unknown negative voltage is applied to 
the converter input at E„, the integrator 
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COUNTER OVERRANGES 



FIG. 4-TIMING DIAGRAM FOR DUAL-SLOPE 
CONVERTER, operated with input voltage E„ 
equal to reference voltage E hef . Charge and 
discharge times are equal (T, to T 2 = T 2 to T 3 ). 
Thus, counts accumulated in a discharge cycle 
are identical to those that established the time 
of the charge cycle. 


at T 3 aitd continues to a negative value. 
When the output voltage of the integrator 
passes through zero at T 3 , the comparator 
detects this condition and disconnects the 
oscillator signal from the counting circuits. 
The status of the digital counters at this time 
reveals a count directly proportional to the 
ratio of the input voltage to the reference 
voltage. For example, if the reference voltage 
had been exactly equal to the unknown 
voltage, the counter just overranges for a 
second time at the instant the comparator 
shuts off the oscillator signal. If, however, the 
unknown voltage has been less than the 
reference voltage, a count less than the full 
value of the counters remains. 

Suppose the reference voltage is one volt, 
the oscillator frequency is one kilohertz, and 
the counter has three decades. For the first 
situation, presume a 1-volt signal at the 
unknown terminal (see Fig. 4). Between 
times T, and T 2 , one second of time passes, as 
one thousand pulses from the oscillator are 
required to overrange the three-decade 
counter. At overrange, presume the inte¬ 
grator to have charged to 10 volts. If one 
second was required to charge the capacitor 
to 10 volts by a 1-volt signal, then one second 
additional will be required to discharge the 
capacitor to zero volts with another 1-volt 
signal. The counters will start time T, at 000, 
be 1,000 at T 2 and 2,000 at T,. However, the 
first overrange will not be displayed and the 
2,000 count will be displayed as 1,000, or one 
volt. 

If the unknown signal was 0.5 volt, correc¬ 
tions to the above example would have to be 
made (see Fig. 5). The output voltage of the 


overrange is not displayed, the displayed 
count would be 500, or 0.500 volt. 

If the charging and discharging rate of the 
integrator are linear (and this is a funda¬ 
mental requirement), the relationship 
described above will hold true for any ratio 
of unknown to reference voltage. 

Single and dual slope compared 

Examining the mathematical relationships 
derived in Fig. 6, especially the relationship 

THE MATHEMATICS OF DUAL SLOPE 
CONVERSION 

THE OUTPUT VOLTAGE OF THE INTEGRATOR IS 

OR FOR THE TIMET AND A CONSTANT INPUT 

VOLTAGE (e.) Je (6-2) 


FOR THE UP RAMP WHEN e, = E x AND T = T 2 -T, ( 6 . 3) 
<T 2 -T,)E x 





REARRANGING TO GIVE THE RATIO OF E x /E hef 



FROM THIS SIMPLE PROPORTION E R6F AND 16-71 

Tj-T, ARE KNOWN, AND CONSTANT SO 


begins to charge. Voltage at the integrator 
output increases in a positive direction during 
the time T 0 to T,. At T,, the output voltage of 
the integrator passes through zero. The 
comparator detects this change; the compa¬ 
rator output stage changes to a logic 1, 
permitting the counter circuits to begin 
accumulating counts from the oscillator. The 
integrator continues to increase its output 
voltage until the switch is moved from the E x 
position to the E ref position at T 2 . The switch 
is actuated by the first overrange of the 
counters. In other words, the time the inte¬ 
grator is allowed to charge after the output 
passes through zero volts (T, to T 2 ) is the time 
required to completely fill the counters 

The output voltage of the integrator at the 
time the counters overrange is determined by 
a number of factors. First, by the value of R 
and C (Fig. 3). These are fixed, or at least 
presumed to be constant for the entire 
conversion cycle. Second, by the time 
allowed for integration, or in other words, the 
time required for the oscillator to fill up the 
counter circuits and overrange them. (The 
frequency of the oscillator is also presumed 
to be stable for at least the duration of the 
conversion Cycle.) Third, by the value of the 
unknown voltage. 

Once the switch has been connected to the 
reference voltage, the output voltage of the 
integrator begins to decrease. The rate of 
decrease is determined by the value of resist¬ 
ance (R) and capacitance (C) of the inte¬ 
grator and E ref . The reference voltage is a 
very closely held value in the dual-slope 
converter; both its short-term and long-term 
stabilities must be good. 

After enough time has passed, the output 
voltage of the integrator passes through zero 
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FIG. 5-TIMING DIAGRAMS for the dual-slope 
converter with input voltage E x half the refer¬ 
ence voltage E ref . Large reference voltage 
makes discharge rate faster than charge rate 
caused by the smaller input voltage. This allows 
the counters to fill to only half the number of 
counts that established the time of the charge 

integrator at the end of the first second would 
be only 5 volts, not 10 volts, as the source was 
only one-half as great. Discharge, however, is 
at the rate of 10 volts per second, but only 5 
volts must be discharged, so only 500 milli¬ 
seconds of discharge time is required. The 
sequence of the counters would be: 000 at T,, 
1000 at T 2 , and 1500 at T 3 . As the first 


FIG. 6-DUAL SLOPE CONVERSION MATHE¬ 
MATICS, showing the ratios developed to make 
the converter independent of long-term varia¬ 
tions of integrator resistance and capacitance, 
oscillator frequency, and changes in the 
comparator. 

of equation 6-6, while reading the following 
paragraphs, one can see how the dual-slope 
converter easily eliminates dependence on 
many of the tightly controlled parameters of 
the single-slope converter. 

In the single-slope converter, conversion 
accuracy depends on the long-term accuracy 
of the voltage to time conversion of the 
integrator and thus on the stability of R and 
C. In the dual-slope converter, the require¬ 
ment is that the resistance-capacitance (R-C) 
product of the integrator be constant for any 
one conversion cycle. That is, the ramp up R- 
C product and the ramp down R-C product 
must be identical. There is no requirement 
that the R-C product of one conversion cycle 
and the R-C product of another conversion 
cycle be identical. 

In the single-slope converter, long-term 
stability of the oscillator is a requirement. In 
the dual-slope converter, the oscillator must 
be stable for the length of one conversion 
cycle. Again, stability from conversion to 
conversion is not important to the funda¬ 
mental accuracy of the converter. The dual¬ 
slope converter only ratios the up time to the 
down time. Therefore, an oscillator 5 percent Z 
high in frequency simply shortens both the < 
up ramp and the down ramp by 5 percent, ™ 
leaving no net error. on 

The single-slope converter requires stabili- ff] 
ty of the comparator trip point. If the differ- 
ential voltage between the two comparator 55 
continued on page 92 01 
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Build an Automatic 



Convert an ordinary calculator into an automatic telephone dialer, if the 
calculator has a memory, you can store a telephone number as well. 
And when not dialing, the unit can be used as an ordinary calculator 


TOUCH-TONE® DIALING IS GREAT! DIAL A 

zero just as quickly as dialing a one— 
and you don’t have to watch all those 
holes go by! What’s that—your tele¬ 
phone office doesn’t offer Touch 
Tone®? Well, cheer up—build this dial 
converter and go Touch Tone® two 
better: the number you are dialing is 
displayed by an LED read-out, and you 
can use the converter as a calculator 
when it isn’t dialing. 

The dial converter accepts and dis¬ 
plays a keyboard-entered telephone 
number (up to 8 digits). On command, 
this number is converted digit by digit 
(most significant digit first) into corre¬ 
sponding dial pulses, thus dialing a 
number. Dialing can be repeated by 
retaining the number in memory and 
pressing the dial switch again. The 
co system is based on an IC that can be 
^ used as a calculator when not dialing. 
O All telephone interfacing is with high- 
|E isolation relays to avoid any telephone 
network damage from stray voltages 
qJ due to failures. 

6 

o Operation 

2 The converter is based on a calculator 


using the National Semiconductor 
MM5738 calculator IC and DM8864 
digit driver. Twenty-two connections are 
made to the calculator; one for each of 
the 8 digits and two for each of the 
segments. Calculator operation is not 
affected. 

A telephone number is entered as it 
appears in the book—most significant 
digit first. The number is displayed on 
the 8-digit LED read-out. The telephone 
receiver is taken “off hook” and the 
dial button is pressed. 

The dial button loads a one into the 
first position of digit register IC12 (Fig. 
1) at the same time overflow register 
ICll-a is cleared. Dial pulse oscillator 
IC7-c and IC9-d is enabled and begins 
to output 10-12-Hz pulses. Dial relay 
RY1 opens and closes the telephone 
circuit at this rate and commences “dial¬ 
ing” a digit. Counter IC10 accepts these 
pulses and synchronously decodes them 
to 7-segment format. The segment 
outputs from the calculator chip and 
from IC12 are compared in exclusive- 
OR gates IC3 and IC4 for coincidence. 
When all segment outputs agree, all 
exclusive-OR outputs are “zeros” and 


are inverted and applied to the input of 
IC13-c. Gates IC1 and IC2 serve to 
demultiplex the read-out information. 

In the calculator, the read-out is 
multiplexed by having common seg¬ 
ment-lines for all digits and presenting 
segment information for each digit in 
turn as the digits are sequentially 
enabled by the digit drivers. This is 
done very rapidly so the human eye 
cannot register the change and the eye 
sees a continuous display. Gates IC1 
and IC2 serve to select a single digit 
regardless of the scanning. The output 
of the exclusive-OR gates may register 
coincidence several times as the digits 
are scanned; however, AND’ing the 
outputs of the digit gates and the exclu¬ 
sive-OR gates insures that only the digit 
selected by the shift register is detected. 
When the output of both the segment 
coincidence gates and the selected digit 
gate are at a logical-1 level, the dial 
pulser is stopped, IC10 is reset, and an 
interdigit pause is activated. The inter¬ 
digit pause serves to identify the end of 
a digit to the telephone central office. 

Since the number of pulses dialed 
corresponds to the number displayed on 
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TO CALCULATOR 



di, s,, etc., are connections to the calculator (see Fig. 2). PARTS LIST 

All resistors '/ 2 -watt, 10%, unless noted 

R1, R2, R3-100,000 ohms 
R4, R6, R7, R9, R11-10,000 ohms 
R5—2.2 megohms 
R8—220,000 ohms 
R10, R12—470,000 ohms 
R13, R14-560 ohms 
R15 to R21—22,000 ohms 
Cl, C3—0.1 f»F, 25 volt, ceramic 
C2—.01 fiF, 25 volt ceramic 
C4—1 pF, 35 volt electrolytic 
C5—470 fiF, 16 volt electrolytic 
C6, C8-10 nF, 16 volt electrolytic 
C7—.022 fiF, 25 volt ceramic 
D1-D22—1N914 

IC1, IC2, IC7—CD4011 Quad 2-input 
NAND gate 

IC3, IC4—CD4030 Quad exclusive-OR 
gate 

IC5, IC6, IC8, IC9, IC13—CD4001 Quad 
2-input NOR gate 

IC10—CD4026 decade counter with 
decoded 7-segment outputs 
IC11—CD4013 Dual type-D flip-flop 
IC12—CD4015 Dual 4-bit shift register 
Q1 to Q8—MPS6514, 2N3565 
Q9-2N3638 

RY1, RY2—Sigma 65F, 9 volts DC, PC 
mount z 

SI, S2—SPST Momentary pushbutton O 

switches m 

Calculator—Any type using MM5738 2 

calculator 1C. m 

Misc—Chassis, ribbon cable, spacers, 35 

LED indicator. 5 


the readout, we have just “dialed” the 
first number. At the end of the interdigit 
pause, the digit register is advanced, the 
next most significant digit is selected, 
and the dial pulser is again enabled. 

This process continues until the least 
significant digit has been dialed. The 
“one” that was shifted across the digit 
register falls into the overflow register, 
disabling the dial pulser and hence the 
entire system. The telephone number 
you selected has now been dialed. 

Special considerations 

Dialing a zero: When the number to 
be dialed is a zero we have complica¬ 
tions, since in seven-segment language a 
zero is 0, and in dial language a zero is 
10. Thus we have to inhibit the coinci¬ 
dence gates on the initial zero. Initially, 
ICll-b is reset and the Q output (at a 
logic-1 level) prevents the coincidence 
gates from switching. As soon as IC10 
goes from zero to one, IC11-b is clocked 
to a one via gates IC8-a and IC8-b 
(which detect the presence of a zero in 
the segment output of IC10) removing 
the inhibit from coincidence gates. The 
next time IC10 reaches zero, the normal 


end-of-digit is signalled and since IC10 
has only stepped 10 times, a ten was 
“dialed.” 

Skipping blank digits. Whenever 
less than 8 digits are entered in the 
calculator display (which will be most of 
the time), we must somehow tell the 
digit register to advance until a valid 
digit is present. Otherwise the counter 
and calculator segments would never 
agree and the dial pulser would dial 
forever. 

Blank detector gates IC6-c and IC7-b 
sample segments that are always lighted 
as long as a number is displayed. The 
absence of both segments is interpreted 
as a blank. This output is AND’ed with 
the digit gates and clocks IC12 to the 
next digit position. This process repeats 
very rapidly until a non-blank digit 
position is found and dialing proceeds 
normally. This skip effect occurs so 
rapidly that the dial relay never has a 
chance to operate! 

Resistor R4 and capacitor C2 filter 
out the very narrow pulses that occur in 
the calculator during the blanking 
period between each digit. Diode D18 
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inhibits the blank detector when a digit- 
1 is selected. (The calculator scans digits 
from right to left but the dial converter 
reads out from just the opposite direc¬ 
tion.) When we get to the last digit- 
calculator first digit—the end-of-word 
blanking pulse combines with the selec¬ 
tion of digit one and immediately clocks 
IC12 into overflow. Since there never 
w can be a blank in digit one position—the 
o cleared calculator always displays a 
O zero—it is safe to allow the pulser to 

cc always operate in this position, 
o 

^ Calculator converter interface 

^ For the calculator to display a 
5 segment, the segment driver in the 
^ calculator chip raises the anodes of all 
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shown half-size. 


the selected segments toward V DD ; the 
selected digit driver pulls the cathodes 
of all of the segments toward ground 
and current flows through the selected 
segment, causing it to light. 

To interface with the calculator chip 
we have to obtain both digit and 
segment information. Digit interfacing 
is OK; the levels are compatible with 
CMOS thresholds. The segments, how¬ 
ever, show very little usable voltage 
change from on to off. There is of 
course plenty of current change. Tran¬ 
sistors Q1-Q7 (Fig. 2) translate the 
current change to a voltage change. 

“Pop” elimination 

In your telephone, the dial shunts the 


handset during pulsing to eliminate an 
annoying “pop” with each dial pulse. As 
we have the handset “off the hook” we 
need to simulate this consideration. The 
“pop stop” circuit-capacitor C4 is 
charged rapidly from the dial pulser and 
discharges only through RIO. As long as 
the voltage on C4 is above IC9-c’s thres¬ 
hold, relay RY2 will be operated. RY2’s 
contacts remove the telephone from the 
line and replace it with approximately 
600 ohms of resistance. This makes the 
central office think there is a phone 
across the line. It also gives us an indi¬ 
cation that the converter is dialing, as 
part of the 600-ohm load is composed of 
an LED indicator. The level at IC9-c 
input will slowly decay after the last dial 






























































































































FIG. 5-COMPONENT LAYOUT of Board A. 



pulse is received until finally RY2 will 
transfer and put the phone across the 
line, allowing normal conversation. The 
LED remains on as long as the 
converter is dialing. 

Construction 

Two printed-circuit boards are re¬ 
quired to build the dial converter. 
Circuit board patterns for the single¬ 
sided boards are shown in Figs. 3 and 4. 
The circuit board method is the best 
approach but perf board can also be 
used. Component placement is illus¬ 
trated in Figs. 5 and 6. The two boards 
are joined with half-inch threaded spac¬ 
ers. 

Interboard wiring is best performed 
with ribbon cable but any No. 24 or 26 
wire will do. Connections to the calcula¬ 
tor are best made with very small wire 
such as the No. 36 used with a wiring 
pencil. Solder each wire directly to the 
chip pads to avoid lifting the foil on the 
calculator board. Use a small tip on 
your soldering iron. 

The segment lines must be broken to 
insert the level translating transistors 
Q1-Q7. Use a sharp knife such as an X- 
ACTO and cut the foil in two places 
about '/i 6 inch apart. Remove the 
'/is inch piece of foil to insure a 
complete break. Follow the segment 
lines and solder the emitter sides of 
Q1-Q7 wires at the readout connection 
pads; the base leads to the chip pads. 
It’s best to do all the wires in one group 
at a time: first all the digit leads, then all 
the segment-emitter leads, etc., connect¬ 
ing each at both ends before proceeding 
to the next wire. 

The converter can be housed in a cut- 
down LMB type 145 chassis box, but 
almost anything that will contain the 
circuit boards and calculator will do. 
The LMB 145 box is 7-inches long, 5- 
inches wide and 3-inches high. It was 
cut down to l 3 / 4 -inches high and 7'/ 2 by 
2'/ s by 3 /i 6 -inch wood strips were painted 
black and bolted to the sides. 


Calculator selection 

The calculator used in the model was 
a surplus Bowmar and was purchased as 
a kit. Many other calculators use the 
MM5738 and now cost about the same 
as the kit. The Novus 850, 823 and 826 
are good examples of a low-cost 8-digit 
with memory and uses the MM5738. 
You can of course buy a calculator IC, 
driver, readout, and keyboard and lay 
out your own calculator circuit board, 
but it’s a lot easier (and probably 
cheaper) to let someone else do it for 
you. 

(One of our editors has a model 850 
Novus calculator of a different version 
from the one used by the author. The 
editor’s instrument has the calculator IC 
potted onto the back of the read-out 



connection (a or b) that makes terminal 1 
positive, or the one that causes dialing indi¬ 
cator to light when dialing. 


display board. You can probably identi¬ 
fy the type you are about to purchase by 
opening the battery compartment and 
pulling out the battery holder. You’ll be 
able to peek in and see either the PC 
board or the blob on the back of the 
read-out.— Editor) 

How to use the converter 

Connect the converter to the tele¬ 
phone line as shown in Fig. 7. (Reverse 
the LI and L2 or the red and green 
connections if the LED does not light 
when dialing.) Turn on the calculator 
and clear it. Enter the telephone 
number you wish to dial just as you 
normally dial it. The readout verifies the 
number you have entered. Lift the tele¬ 
phone receiver and press the dial 
button after you hear the dial tone. The 
selected number will quickly be dialed. 

If the line is busy, either place the 
number in memory and clear the 
display (to conserve battery) or leave the 
number in the display. To redial, just 
press the dial button (or recall the 
number and press the dial button). A 
direct-dialed long distance number must 
be handled in two steps. Enter the tele¬ 
phone number and store it in memory. 
Clear the display and enter the access 
and area codes. Press the dial button 
and wait until the access and area codes 
have been dialed, then recall,the tele¬ 
phone number and press the dial 
button again. To redial, all you have to 
re-enter is the access and area codes— 
the telephone number remains in the 
memory. 

The calculator can be used normally 
any time it is not dialing. 

Note: The MM5738 has a provision 
that blanks the display approximately 
16 seconds after the last key activity has g 
occurred. This can be disabled by tieing < 
pin 1 to V DD . (It may be desirable to s 
disable this feature to avoid the sudden ™ 
and embarrassing loss of the number 31 

you are dialing right in the middle of a £ 

digit.) R-E 3! 
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ELECTRO-LAB 


As an NTS student you’ll acquire the know-how that 
comes with first-hand training on NTS professional 
equipment. Equipment you’ll build and keep. Our 
courses include equipment like the NTS/Heath 
Digital GR-2000 Solid State color TV with first-ever 
features like silent varactor diode tuning; digital 
OT channel selection, (with optional digital clock), and 

2 big 315 sq. in. ultra-rectangular screen, 

o 

fE Also pictured above are other units — 5" solid state 

ft oscilloscope, vector monitor scope, solid-state ster¬ 
ol eo AM-FM receiver with twin speakers, digital multi- 

o meter, and more. It’s the kind of better equipment 

q that gets you better equipped for the electronics 

ir industry. 
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This electronic gear is not only designed for train¬ 
ing; it’s field-type — like you’ll meet on the job, or 
when you’re making service calls. -And with NTS 
easy-to-read, profusely illustrated lessons you learn 
the theory behind these tools of the trade. 

Choose from 12 NTS courses covering a wide range 
of fields in electronics, each complete with equip¬ 
ment, lessons, and manuals to make your training 
more practical and interesting. 

Compare our training; compare our lower tuition. 
We employ no salesmen, pay no commissions. You 
receive all home-study information by mail only. 
All Kits, lessons, and experiments are described in 
full color. Most liberal refund policy and cancella- 
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-Theft Devices 


PART I. Practical circuits you can build and connect to 
any vehicle with a 6- or 12-volt electrical 
system for protection against thieves 

R. M. MARSTON 


ONE OF THE MOST PERSISTENT DANGERS 

facing the modern automobile owner is 
that of having his vehicle stolen or 
burglarized. It is impossible to protect 
oneself 100% against that kind of 
danger. But the thoughtful owner can 
gain up to 99% protection by using a 
little common sense and by fitting his 
vehicle with fairly simple electrical or 
electronic anti-theft devices. 

Anti-theft devices. 

Vehicle anti-theft devices fit into two 
basic classes. The first is the “immobiliz¬ 
er” type, designed to simply reduce a 
thiefs chances of starting or driving a 
target vehicle away. Immobilizers give 
no protection against the car burglar, 
who simply wishes to steal objects left 
inside the vehicle. 

Most vehicles already have a built-in 
immobilizer—the ignition switch—but 
this device is easily bypassed by a skilled 
thief. Many modern vehicles are fitted 
with an additional immobilizer, the 
mechanical steering lock, which gives 
fairly good protection. Further protec¬ 
tion can easily be gained by wiring a 
simple immobilizer switch into some 
part of the electrical section of the vehi¬ 
cle’s power unit. 

The second class of anti-theft device 
is the true burglar alarm that sounds an 
alarm (and perhaps also immobilizes 
the automobile’s ignition system) if any 
unauthorized person tries to enter the 
vehicle. These alarms may be activated 
in any one of three basic ways. One of 
the most popular is via microswitches 
that operate when the car doors or hood 
or trunk are opened. Microswitch-acti- 
cn vated alarms are relatively inexpensive, 
highly reliable, and can give excellent 
O anti-theft protection. 

£E Another method of activating an 
w alarm is by detecting the small drop in 
uj the vehicle’s battery voltage when a 
6 door, hood, or trunk courtesy light turns 
Q on, or when the ignition is turned on. 
co These so-called “voltage sensing” 


alarms give the same degree of anti¬ 
theft protection as the microswitch 
alarm system, but are generally more 
expensive and far less reliable. 

A third way of activating an alarm is 
by detecting the vibration or swaying 
that takes place when a vehicle is 
entered or moved. This type has a 
number of disadvantages. If its sensi¬ 
tivity is adjusted so that it activates 
when anyone enters or rocks the vehicle, 
the system will tend to go off in gusty 
winds or when a person leans on the 
automobile. This system, therefore, has 
a very low reliability rating. If the 
system is adjusted so that it activates 
only when the vehicle is actually moved 


or subjected to substantial “G” forces, it 
won’t be sensitive enough to give effec¬ 
tive anti-burglar protection. 

Sometimes, thieves may deliberately 
activate the vibration sensitive alarm on 
a number of successive occasions, by 
rocking the vehicle, until the owner 
eventually disconnects the system in 
frustration. The thieves are then free to 
steal the unprotected vehicle. Thus, the 
protection given by the vibration sensi¬ 


tive alarm is inferior to that of the 
micro-switch-activated type. 

Practical automobile anti-theft alarm 
systems may be turned on and off either 
from within the car, or from outside. 
Systems that are switched from within 
the vehicle have a number of disadvan¬ 
tages. To enable the owner to leave the 
vehicle without activating the alarm, the 
systems must incorporate a built-in 
“exit” delay of about 30 seconds, and to 
enable the owner to enter it again they 
must have an additional built-in “entry” 
delay of about 15 seconds. 

Consequently, the circuits tend to be 
fairly complex and expensive, and to 
have a relatively poor reliability rating. 


More important, the systems give very 
poor anti-burglar protection, since the 
thief is allowed a full 15 seconds of 
entry time in which to steal any worth¬ 
while goodies before the alarm sounds 
off. 

By contrast, externally-switched al¬ 
arm systems can be veiy simple, relia¬ 
ble, inexpensive and (since they can be 
made to sound off the instant a car door 
starts to open) can give excellent anti- 



SNATCH 

BURGLAR 

CASSETTE 

THIEF 

JOY 

RIDER 

DRIVE-AWAY 

THIEF 

TOW-AWAY 

THIEF 

IMMOBILIZER 

NIL 

NIL 

GOOD 

GOOD 

NIL 

INTERNALLY-SWITCHED 
MICROSWITCH-ACTIVATED ALARM 

NIL 

GOOD 

GOOD 

GOOD 

NIL 

INTERNALLY-SWITCHED 
VOLTAGE-SENSING ALARM 

NIL 

GOOD 

GOOD 

GOOD 

NIL 

INTERNALLY-SWITCHED 
VIBRATION ALARM 

NIL 

POOR 

GOOD 

POOR 

FAIR 

EXTERNALLY-SWITCHED 
MICROSWITCH-ACTIVATED ALARM 

GOOD 

GOOD 

GOOD 

GOOD 

NIL 

EXTERNALLY-SWITCHED 
VOLTAGE-SENSING ALARM 

GOOD 

GOOD 

GOOD 

GOOD 

NIL 

EXTERNALLY-SWITCHED 
VIBRATION ALARM 

POOR 

POOR 

GOOD 

POOR 

FAIR 


TABLE 1—DEGREE OF PROTECTION provided by dilferent types of alarm circuits. 
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burglar protection. 

Thus, the best all-round kind of alarm 
system is the externally-switched micro¬ 
switch-activated type. Later we’ll show 
you some practical examples of this type 
of alarm. In the meantime, let’s look at 
the different types of thieves who may 
try to steal or burglarize your vehicle. 

Car thieves 

Car thieves can be described as fitting 
into five basic classes: 

Snatch burglars: These are the most 
common car thieves. They simply roam 
around looking to see if any theft¬ 
worthy goodies have been left lying 
around inside parked cars, or if vehicles’ 
luggage compartments have been left 
unlocked. You can obtain a high degree 
of protection against this type of thief by 
fitting your vehicle with an externally- 
switched microswitch-activated or volt¬ 
age-sensing alarm system that sounds 
off the instant a car door starts to open. 
But your best protection is common 
sense: Don’t leave attractive goodies in 
sight in the car! Always lock the luggage 
compartment! 

Cassette Thieves: This type of thief 
specializes in stealing radios or cassette 
players from vehicles. It takes the 
average thief several minutes to steal 
one of these units, so you can easily 
scare him off by fitting almost any type 
of burglar-alarm device that is activated 

FROM 




by opening the car doors. 

Joy Riders: These characters usually 
steal vehicles without premeditation. 
Most times, they simply look for an 
unlocked car, then short out its ignition 
switch and start the vehicle by briefly 
shorting out the starter switch. You 
should be able to beat this type of thief 


by fitting your vehicle with any type of 
immobilizer or anti-theft alarm, but the 
chances are that if you don’t lock your 
car doors, you’ll also be thoughtless 
enough to forget to switch on your anti¬ 
theft system. In this case, your best 
protection is lots of insurance. 

Drive-Away Thief: This thief usually 
has enough skill to open locked car 
doors and bypass ignition switches, and 
then steal the vehicle by simply driving 
it away. You can often beat him by 
fitting your vehicle with a good immo¬ 
bilizer circuit or an anti-theft alarm. 

Tow-Away Thief: This is the least 
common but most dangerous type of car 
thief. He specializes in stealing good 
quality and easily disposable vehicles. 
He steals them by either towing them 
away or by hoisting them onto the back 
of a tow-away vehicle. He selects vehi¬ 
cles very carefully before stealing them 
and often does his best to find out if a 
target vehicle is fitted with an anti-theft 
alarm before trying to steal it. In most 
cases, if he knows that the target vehicle 
is fitted with an alarm system, he will 
simply look for an alternative target. In 
extreme cases, however, he may go to 
almost any lengths to steal an exception¬ 
ally desirable vehicle. 

The best defense against this type of 
thief is a vibration type alarm, but even 
it offers only limited protection. In most 
cases, the thief will try to persuade the 
owner to disconnect a vibration type 
alarm by repeatedly making it trigger 
falsely before finally stealing a target 
vehicle. 

Table 1 shows the degree of protec¬ 
tion offered by different types of anti¬ 
theft devices against different types of 
thief. As can be seen, immobilizers give 
good protection against joy riders and 
drive-away thieves but provide no pro¬ 
tection against burglars or tow-away 
thieves. Externally-switched micro¬ 
switch-activated and voltage-sensing 
alarms give good protection against all 
except tow-away thieves. 

Having cleared up these points, let’s 
look at some practical anti-theft cir¬ 
cuits. 

Immobilizer circuits. 

These are used to reduce a thief’s 
chances of starting or driving away a 
target vehiele. Most vehicles already 
have a built-in immobilizer—the ignition 
switch, but it is readily visible and can 
easily be bypassed by a skilled thief. So 
a simple additional concealed immobi¬ 
lizer circuit can give considerable extra 
anti-theft protection. 

Simple immobilizers consist of a 
concealed switch wired into some part 
of the electrical section of the vehicles 
power unit. Figures 1 and 2 show how 
immobilizers can be wired into the vehi¬ 
cle’s ignition system. In Fig. 1, the 
switch is wired between the chassis and 
the vehicle’s contact breaker (cb) points. 


When this switch is open, the ignition 
operates normally. When it is closed, the 
points are shorted out and the engine is 
unable to operate. This circuit gives 
excellent protection, particularly if the 
wiring is carefully hidden at the CB 
points. 

The circuit shown in Fig. 2 has the 
immobilizer switch wired in series with 
the vehicle’s ignition switch, so that the 
engine can operate only when the switch 
is closed. The protection of this circuit is 
inferior to that of Fig. 1 since the thief 
can bypass the immobilizer and the 
ignition switch by simply hooking a wire 
from the battery to the sw terminal of 
the coil. 

Figure 3 shows how an immobilizer 
switch can be wired into the vehicle’s 
electric starter system so that the starter 


STARTER 



TO STARTER 
MOTOR 

FIG. 3-STARTER IMMOBILIZER operates by 
opening starter-motor circuit. 

operates only when the switch is closed. 
This system gives better protection than 
Fig. 2, but is not as good as Fig. 1 since 
the starter solenoid can be operated 
manually on many vehicles and also 
because the starter and immobilizer 
switches can be bypassed by a single 
length of wire. 

Finally, Fig. 4 shows how an immo¬ 
bilizer switch can be wired in series with 
the electric fuel pump on suitable vehi- 



opening electric fuel-pump circuit. 

cles so that the pump operates only 
when this switch is closed. A feature of 
this system is that it permits a thief to 
start the engine and drive for several 
hundred yards on the fuel remaining in 
the carbureter before the lack of fuel 
iinmobilizes the vehicle. 

A major weakness of the circuits z 
shown in Figs. 1 to 4 is that they must < 
all be turned on and off manually so § 
they give protection only if the owner n> 
remembers to turn them on each time 3) 
he leaves his car. Figure 5 shows an £ 
immobilizer circuit that turns on auto- 3> 
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matically each time an attempt is made 
to start the engine, but which can be 
turned off by briefly pressing a hidden 
pushbutton switch. A small “reminder” 
light turns on when the engine is dis¬ 
abled by the immobilizer. This circuit 
gives a high degree of protection since it 
does not depend on the memory of its 
owner. 

How the immobilizer works 

The relay coil RY1 is wired in series 
with 1,000 /iF capacitor Cl, and the 
combination is wired across the vehicle’s 
ignition switch. Capacitor Cl is shunted 
by the series combination of normally- 
open relay contacts RY1-1 and normal¬ 
ly-closed pushbutton switch SI. Relay 
contacts RY1-2 are wired across the 
vehicle’s breaker points. An LED (light- 
emitting diode) is wired in series with 
current-limiting resistor R1 and the 
combination is wired across the coil of 
the relay. 

Normally, Cl is fully discharged. 
When the ignition switch is first closed, 
a surge of current flows through the 
relay coil via Cl and the relay turns on. 
As the relay energizes, contacts RY1-1 
close and lock the relay on via SI. Relay 
contacts RY1-2 close and short out the 
vehicle’s breaker points, thus immobi¬ 
lizing the engine. Under this condition, 
current flows in the LED via Rl. 

The relay stays on until SI is opened 
briefly, at this point the relay unlatches, 
Cl charges up rapidly via the relay coil, 
and the relay and the LED turn off. As 
the relay turns off, the short is removed 
from the vehicle’s breaker points and 
the engine is able to operate normally. 

The relay used in the Fig. 5 circuit 



can be any 12-volt type with a coil 
resistance in the range of 120 to 270 
ohms, and with two or more sets of 
normally-open contacts. The LED can 
co be any type with a mean current rating 
y greater than 30 mA or so. The circuit is 
O shown as for use on vehicles with nega- 
h tive-ground electrical systems. On posi- 
oj tive-ground vehicles, reverse the polari- 
[j ties of Cl and the LED. 

6 

o Practical anti-theft alarms. 

cr The most efficient and useful type of 


vehicle anti-theft alarms are externally- 
switched microswitch-activated or volt- 
age-sensing types. These alarms are 
turned on and off via a concealed toggle 
switch or a key switch that is fitted to 
the outside of the vehicle. Figures 6 to 
13 show a few practical examples of 
alarm systems of these types. All of 
these circuits also act as immobilizers, 
and operate the vehicle’s horn and lights 
and immobilize the engine under the 
‘alarm’ condition. 

In the circuits shown in Figs. 7 to 11, 
microswitches are used to trip a self¬ 
latching relay when the car doors, hood 
or trunk are opened. This relay immo¬ 
bilizes the engine and operates the horn 
and headlights either directly or via 
additional circuitry. Two suitable front¬ 
door microswitches are built into most 
vehicles as standard fittings and are 
used to operate the courtesy or dome 
lights. Additional switches can easily be 
fitted to the rear doors. The hood and 
trunk can be protected by ‘auxiliary’ 
microswitches. 

Microswitch-activated immobilizer 

The operation of the circuit shown in 
Fig. 6 is very simple. Normally, the key 
switch is open and no voltage is fed to 
the relay network, so the alarm is off. 
Suppose, however, that the key switch is 
closed. If any of the door switches close, 
current flows in the relays via Dl, or if 



FIG. 6—MICROSWITCH-ACTIVATED alarm/ 
immobilizer operates horn and lights until 
switched off, or until battery discharges. Circuit 
is for vehicles with V ground electrical 
systems. 

any of the auxiliary switches close, 
current flows via D2. In either case, 
both relays turn on. As RY1 energizes, 
contacts RY1-1 close and lock both 
relays on, and contacts RY1-2 close and 
short out the vehicles contact breaker 
(CB) points, thus immobilizing the vehi¬ 
cle. 

Simultaneously, contacts RY2-1 close 
and switch on the car horn, thus giving 
an audible indication of the intrusion. 
Also, contacts RY2-2 close and switch 


on the headlights, thus giving a visual 
identification of the violated vehicle. 
The horn and lights remain on until the 
key switch is opened or until the vehi¬ 
cles battery runs down. 



^ TO HEAD-LIGHT 

RY2-2 

FIG. 7-MICROSWITCH-ACTIVATED alarm/ 
immobilizer designed to operate on vehicles 
with + V ground electrical systems. 

The circuit shown in Fig. 6 is for use 
on negative-ground vehicles. The circuit 
can be modified for use on positive 
ground vehicles by simply reversing the 
polarities of Dl and D2, as shown in 
Fig. 7. 

to be continued. 


Newest small calculator is also 
a wrist-watch 

Hughes Aircraft Co. has just introduced 
a new electronic watch module that 
includes a nine-function calculator with a 
standard four-function digital watch. 

The module measures only 1.4 x 1.25 
inches and it adds, subtracts, multiplies, 
divides, calculates percentages and 



COMBINATION CALCULATOR-WATCH, sup¬ 
plied in module form by Hughes Aircraft Co. 
(Hughes does not market watches, but is a 
leading manufacturer of watch modules.) 

squares, and has a memory and multipli¬ 
cation and division constant. The watch 
displays the standard four functions— 
hours, minutes, seconds and date. 

The memory retains entries even when 
the unit is in non-display or time-display 
mode. Thus the user can interrupt a 
calculation to check the time, then return 
to his calculation without losing his 
figures. r-e 
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6 NEW CIRCUITS 



Creole 
Sinewoves 
Using 
Digital IC’s 


DON LANCASTER 

EVERY ONCE IN A WHILE A REALLY GREAT IDEA 
gets buried deep in the technical literature. 
For instance, back in 1969, a very elegant and 
ultra-simple way to generate sinewaves digi¬ 
tally appeared. Then, apparently, it was 
nearly forgotten. Today we can use a $1.00 
CMOS integrated circuit, three or four 5% 
resistors, and this “lost” method to build 
ultra-simple digital sinewave sources—sine- 
wave sources whose amplitude and frequency 
we can precisely and rapidly control, and 
whose distortion is very low. We can use 
sinewaves like these in electronic music, lab 
function generators, sweepers, microproces¬ 
sor and minicomputer analog I/O, digital 
cassette recorders and MODEMS. But, 
you’re sure to find lots more places where 
you can use these simple, quick and sophisti¬ 
cated techniques. 

The basic idea 

Any method of generating sinewaves digi¬ 
tally is usually a two-step process. First, you 
generate a convenient waveform that consists 
of a fundamental and some harmonics. Then 
you get rid of the harmonics by filtering them 
out. The trick is to pick a convenient wave¬ 
form that has as few harmonics as possible to 
start with. We also want the harmonics to be 
as small as possible, and we want them to be 
as high an order as possible. All these re¬ 
quirements simplify our filtering and let us 
change frequency over a reasonable range 


Digital techniques can be used to synthesize sinewaves 
whose amplitude and frequency can be precisely and 
rapidly controlled and whose distortion is low 


without necessarily changing our filtering. 

Our search for a convenient waveform 
starts with a symmetrical one. This automati¬ 
cally gets rid of all the even harmonics. From 
here, we want to pick some waveform that 
inherently doesn’t have as many of the odd 
harmonics as is possible. Ideally, we’d like to 
get rid of all the low-order odd harmonics. 
Directly using squarewaves doesn’t look too 
promising because of a third harmonic only 
10 decibels O/3 amplitude) down from the 
fundamental that’s staring you in the face. 
Similarly, most any relatively simple system 
based on binary counters will probably also 
have lots of strong, low-order odd harmon- 

The secret of digital sinewave generation is 
shown in Fig. 1. You use a circuit called a 
walking-ring or a Johnson counter to ulti¬ 
mately generate your sinewave. You make 
the counter as long as you have to. The 
longer the counter, the more parts, but the 
higher the odd harmonics you end up with 
and the weaker they are. A second part of the 
secret is that you combine outputs of the 
counter with resistors, into either a single 
small-value summing resistor, or into the 
summing input on an operational amplifier. 
But you skip one counter stage in your 
summing. This makes our sinewave waveform 
take twice as long automatically on the peaks 
and valleys. As we’ll shortly see, the wave¬ 
forms look rather strange and choppy before 


filtering, but they have no low-order harmon- 

You can make a walking-ring counter out 
of type-D flip-flops or out of many different 
types of shift registers. The CMOS 4018 is 
ideal for 6, 8, and 10-step sinewave synthesis, 
as we’ll shortly see, and several 4018’s can be 
cascaded for longer sequences. Our ten-step 
system takes only one 4018 (or five type-D 
flip-flops). Pick the resistors just right, and 
the first harmonic after the fundamental is 
the ninth, and it’s almost 20 dB (one-tenth 
amplitude) down from the fundamental 
before you do any filtering. The only other 
low-order harmonics are the 11th, the 19th, 

21st, 29th, 31st, and so on. AH these are so 
low in amplitude and so high in frequency 
that if you get rid of the ninth by low-pass 
filtering, the rest will utterly disappear. 

A type-D flip-flop or a register stage is a 
clocked logic block. When an input clock 
arrives, information on the t) input is passed 
onto the Q output and its complement is 
passed onto the Q output. (If D is a /T”, 
clocking puts a “1” on Q and a “0” on Q. If 
D is a “0”, clocking puts a “0” on Q and a z 
“1” on Q.) O 

To build a walking-ring counter, connect rn 
the Q output of one stage to the D input of S 
the next stage and so on down the fine. At the m 
last stage use the complementary Q output to ^ 
feed back to the D input of the first stage. If <5 
we use a five-stage register and start with a> 
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00000, one clocking gives us 10000 since the 
Q output of the last stage was a “1” and gets 
passed on to the first stage. More clockings 
give us 11000, 11100, 11110, and 11111. The 
Q output is now a 0, so the next clocking 
gives us 01111, 00111, 00011, 00001, and 
finally 00000, repeating the ten-step sequence 
as we close the series. The length of our 
sequence is ten or twice the number of 
stages. 

The sequence length usually equals twice 
the number of stages in use. If we look at the 
five outputs A through E in Fig. 1, we see 
that we get a group of five phase-shifted 
squarewaves. We now sum four of these five 
waveforms with just the right “magic” resistor 
values, and we get a composite waveform 
that is a fundamental sinewave along with 
low-amplitude ninth, eleventh, and a few 
very small and very high-order remaining 
odd harmonics. For many uses you can use 
this sinewave pretty much as is, but it’s a 
simple matter of filtering to get a sinewave of 
good purity. 

Our clock frequency sets the output 
frequency. With a five-stage, ten-step system, 
the clock input is ten times the output 
frequency. As the clock frequency changes, 
so does the output on a nearly instantaneous 
basis, since there are no time constants or 
inductors in the circuit. Note also that a 
sudden change in clock frequency coherently 
changes the sinewave without any transients 
or jumps. 

With CMOS and relatively light loading 
(20K or more) the output logic swing is equal 
to the supply voltage, so we can change the 
output amplitude either by changing the 
supply voltage or by changing the gain (digi¬ 
tally or otherwise) of any op-amp that’s 
summing our phase-shifted squarewaves into 
the composite sinewave output. 

Circuits 

Figs. 2 and 3 show us two circuits using a 
single 4018 CMOS register that you can use 
for digital sinewave generators. 

In Fig. 2, we’ve built a four-stage counter 
that gives us an eight-step output using one 
IC and three resistors. The output is summed 
across the 4.7K resistor and then actively 
filtered by the PNP emitter follower and the 
third-order Bessell active filter. This particu¬ 
lar circuit is used in a digital cassette 
recording system, where a digital “1” is a 
2400 hertz and a digital “0” is a 1200 hertz 
sinewave recorded on the tape. You can shift 
the cutoff frequency of the active filter by 
proportionately changing capacitors Cl, C2, 
and C3. Doubling these capacitors reduces 
the cutoff frequency in half and so on. The 
input clock of this circuit is eight times the 
output frequency. 

In Fig. 3, we have a five-stage counter and 
four resistors that sum into a type-741 opera¬ 
tional amplifier. The op amp is filtered with a 
single capacitor. This particular circuit drives 
the transmitter speaker of a “103” style 
MODEM, outputting a 1070 hertz sinewave 
for a digital logic “0” and a 1270 hertz 
V) sinewave for a digital logic “1”. This time the 
9 clock frequency is ten times these output 
§ values. 

0C 

£ Magic numbers 

j Figures 4, 5 and 6 show us the magic 
4 1 resistor values, the circuits, and the wave- 
O forms for three, four and five-stage registers 
5 of length 6, 8, and 10. The value in paren¬ 
ts thesis is the resistor ratio we want, while the 
60 



BASIC WALKING RING OR "JOHNSON" COUNTER 



KEY WAVEFORMS. NOTE THAT OUTPUT "E" IS NOT USED 


2 . 


AN EIGHT-STEP GENERATOR, as used In a digital cassette recording system. 


CLOCK INPUT = 
8X OUTPUT 






















































3 . 


10-STEP SINEWAVE GENERATOR drives the transmitter speaker of a MODEM. 





resistor value has been rounded off to a stock 
1 percent value. Actually, 5 percent resistors 
are more than adequate for practically all 
sinewave generators, particularly for those of 
ten stages or less. 

You’ll get more performance by length¬ 
ening the registers and using more resistors. 

Values for any length are shown in Table I, 
along with the harmonics and their strengths 
that you can expect. Once again, the paren¬ 
thesis values are exact ratios, while the 
resistor values are 1 percent based on 22.1 K 
being the smallest value used. 

These longer lengths make filtering more 
easy since the odd harmonics you do get are 
higher in frequency and lower in amplitude 
as you add stages. Note that the input clock 
frequency goes up as you add stages. Two or 
more 4018’s can be cascaded as needed for 
these longer lengths. Usually binary lengths 
of 8 and 16 or decimal lengths of 10 or 20 
make for the easiest interface with the system 
timing in the rest of your circuit. 

Note that with a longer register, you can 
have a fixed filter and still operate over a 
wide frequency range. For instance, with a 
10-stage register and a 10:1 frequency 
change, the lowest harmonic of the lowest 
output frequency will still be 1.9 times the 
frequency of the highest output frequency 
and reasonably easy to get rid of with a 
sharp-cutoff filter. 

Some loose ends 

You may have to look into several details 
when generating your own digital sinewaves. 

These include the counter sequences, resistor 
tolerances, offsets, and the choice of filter¬ 
ing. 

Walking-ring counters longer than two 
stages have disallowed sequences that make 
up the difference between the total possible 
counter states and the states you are actually 
using. For instance, a three-stage counter has 
the valid 000, 100, 110, 111, 011, 001 and 
back to 000 six-count state sequence. It also 
has a disallowed 101, 010, 101, 010 .... 
two-count rut it can get into. All walking-ring 
counters must be set up to eliminate the 
disallowed states. 

This is done internally in the 4018 count¬ 
ers, and cascaded 4018’s will probably elimi¬ 
nate most if not all the possible disallowed 
sequences. You can also use a reset button or 
signal to get your sequence off on the 000 
state before you begin. Or you can add gating 
to force the internal stages to zero when the 
end stages are zero; or to all ones when the 
end stages are ones. (If you have only a 
common reset line for all stages, be sure to 
shorten the reset pulse so it doesn’t perma¬ 
nently hang up the register.) 

How accurate do the resistors have to be? 

For registers of ten stages or less, a tolerance 
of 5 percent is good enough, even though 
we’ve shown you 1 percent values. Resistors 
out of tolerance introduce lower-order odd 
harmonics, but for most 5 percent variations, 
these should be 40 decibels below the funda¬ 
mental or lower. 

Note that there will be a DC offset in the 
output sinewave that usually must be elimi- ^ 
nated somehow. The simplest way is with a O 
blocking capacitor as we did with the output m 
capacitor in Figs. 2 and 3. With our CMOS 
outputs, we have a choice of summing to the m 
positive supply voltage, to ground, or to an 
op amp’s inverting input biased halfway eo 
between positive supply and ground. In Fig. c> 
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If you want success in electronics... if you want the skills people 
are glad to pay for... find out about CIE training. 

It’s a terrific idea that can get you on your way to success 
in electronics troubleshooting. 


Let’s face it, learning valuable new 
skills isn’t something you just breeze 
through. Especially in a modem 
technological field like electronics 
troubleshooting. You’ve got to really 
want success if you’re going to build 
your skills properly. 

But, oh boy, the rewards when you 
do! In today’s world, the ones who 
really know electronics troubleshooting 
find that people... even industries... 
look for their help. 

What about you? How much do you 
want the thrill of success... of being in 
demand? Enough to roll up your 
sleeves and work for it? 

Why it pays to 
build troubleshooting skills. 

Suppose the automated production 
controls on an assembly line break 
down. Imagine how much money the 
manufacturer can lose when help 
doesn’t come fast! And it takes a 
skilled electronics troubleshooter to 
move in... locate the problem... solve 
it... and get the lines moving again. 

Or take a TV station. Breakdowns 
are costly in broadcasting where time is 
money. Viewers won’t sit forever 
waiting for sound or the picture to come 
back. Before they change channels, the 
station needs to get back on the air 
again—with the help of a skilled 
troubleshooter. 

No question about it. Building new 
skills in electronics troubleshooting is 
an investment in your future. It’s well 
worth the effort. 

Why you should 
get CIE to help you do it. 

Troubleshooting starts with ideas... 
principles. CIE’s Auto-Programmed® 
Lessons help you get the idea—at your 
own most comfortable pace. Step by 
step at home, you explore each principle 
— each theory—until you understand it 
thoroughly and completely. Then you 
start to use it. 

How CIE helps 
you turn ideas into reality. 

If you’re a beginner, you start with 
CIE’s Experimental Electronics 
Laboratory. You actually perform over 
200 experiments to help you grasp the 
basics. Plus you use a 3-in-1 Precision 
Multimeter to get your first taste of the 
testing, checking, analyzing steps you 
take in troubleshooting! 



How 3 practical steps help you 
build troubleshooting skills. 

You’ll take your first practical step in 
professional troubleshooting when you 
build your own 5MHz triggered-sweep, 
solid-state oscilloscope. 

As a trained troubleshooter, you’ll 
use your oscilloscope the way a doctor 
uses his X-ray machine. As a student, 
you learn how to “read” waveform 
patterns on a big, 8cm. x 10cm. screen 
... how to “lock them in” for closer 
study... how to understand and 
interpret what they tell you. 

Your second practical, skill-building 
step begins when you get your Zenith 
19-inch diagonal, solid-state color TV 
—featuring nine removable modules! 
Now’s your chance to apply the new 
skills you learned with your 
oscilloscope! 

With CIE’s guidance, you perform 
actual service operations —the kind 
you’d handle on the job as a trained 
troubleshooter! Using the TV, you 
learn to trace signal flow... detect and 
locate malfunctions... restore perfect 
operating standards.. .just as you 
would with any sophisticated 
electronics equipment. 



Finally, step three rounds out your 
experience as you work with a 
completely solid-state color bar 
generator—actually a TV signal 
transmitter that produces ten different 
display patterns on your TV screen! 

You study a gated color bar rainbow 
... crosshatch lines... dot patterns. 


You explore digital logic circuits... 
observe the action of a crystal- 
controlled oscillator! 

This practical, “hands on” training 
takes concentration and effort. But it’s 
enjoyable and rewarding. And it’s a 
great way to prepare for a 
troubleshooting career! 


Why it’s important 
to get your FCC License. 

For some troubleshooting jobs, you 
must have your FCC License. For 
others, employers often consider it a 
mark in your favor. It’s government- 
certified proof of specific knowledge 
and skills! 

Almost 4 out of 5 CIE graduates who 
take the exam get their Licenses. More 
than half of CIE’s courses can prepare 
you for it... and the broadest range of 
career opportunities! 

Free catalog! 

Mail the card. If it’s gone, cut out and 
mail the coupon. If you prefer to write, 
mention the name of this magazine. 
We’ll send you a copy of CIE’s FREE 
school catalog—plus a complete 
package of independent home study 
information! For your convenience, 
we’ll try to have a representative call to 
help you with course selection. Mail 
the card or coupon... or write: CIE, 
1776 East 17th Street, Cleveland, 

Ohio 44114. 


| Cleveland Institute 
Idi I L of Electronics, Inc. 



□ YES ... I want to succeed in 
electronics. Send me my FREE CIE school 
catalog—including details about 
troubleshooting courses-plus my FREE 
package of home study information! 


NAME (please print) 


ADDRESS APT. 


CITY 


PHONE (area code) 


Mail today! 
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TABLE I—DESIGN INFORMATION FOR LONGER GENERATORS 


STAGES CLOCK 


RESISTORS* 

22.1 K; 38.3K; 44.2K; 38.3K; 22.1 K 
(1.000) (1.732) (2.000) (1.732) (1.000) 

22.1 K; 40.2K; 49.9K; 49.9K; 40.2K; 22.1 K 
(1.000) (1.803) (2.248) (2.248) (1.803) (1.000) 

22.1 K; 41.2K; 53.6K; 57.6K; 53.6K; 41.2K; 22.1 K 
(1.000) (1.849) (2.412) (2.613) (2.413) (1.849) (1.000) 

22.1 K; 41.2K; 56.2K; 63.4K; 63.4K; 56.2K; 41.2K; 22.1 K 
(1.000) (1.877) (2.532) (2.879) (2.879) (2.532) (1.877) (1.000) 

22.1 K; 42.2K, 57.6K; 68.1 K; 71.5K; 68.1 K; 57.6K; 42.2K; 22.1 K 
(1.000) (1.896) (2.618) (3.077) (3.236) (3.077) (2.618) (1.896) (1.000) 
22.IK; 43.2K; 63.4K; 80.6K; 93.1K; 105K; 110K; 113K; 

(1.000) (1.961) (2.847) (3.624) (4.262) (4.736) (5.027) (5.125) 

110K; 105K; 93.1K; 80.6K; 63.4K; 43.2K; 22.IK 
(5.027) (4.736) (4.262) (3.624) (2.847) (1.96) (1.000) 
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Sin- 
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2 , we’ve summed to ground so the emitter 
follower will have a reasonably constant 
emitter current and thus not distort the wave¬ 
form. In Fig. 3 we sum to one-half the supply 
voltage to minimize the offset at the output 
even before capacitor coupling. 

A final detail is filtering. Complete infor¬ 
mation on active filters appears in the Active 
Filter Cookbook. For some uses, the harmon¬ 
ics are high enough in frequency that they 
can simply be ignored. For others, a simple 
capacitor or two to introduce rolloff is all you 
need. For more critical uses, a better quality 
active filter is called for. 

Sharp-cutoff low-pass filters using Butter- 
worth or Chebyshev response curves have the 


advantages of producing very clean sine- 
waves with a minimum of circuitry. But these 
sharp filters have one possible drawback-if 
the input sinewave is changing or jumping 
between several frequencies, the filters will 
introduce group-delay distortion, or simple 
smearing that will generally mess up any 
sudden input frequency changes. Where you 
are suddenly or often changing input 
frequencies, use the higher-order “more 
gentle” Bessell active filters since Bessell 
filters are designed to absolutely minimize 
this form of distortion. 

These circuits actually make digital sine- 
waves easier and simpler and cheaper than 
analog ones, so there should be all sorts of 


things you can do with them. Let us know 
what uses you come up with. R-E 


FOR MORE READING: 

Generating digital sinewaves- 

“Digital Generation of Low Frequen¬ 
cy Sinewaves," Anthony C. Davies, 
IEEE Transactions on Instrumenta¬ 
tion and Measurement, IM18, No. 2, 
June 1969 PP 97-105. 

Active filters— 

Thq Active Filter Cookbook No. 
21168, Howard W Sams, Indianap¬ 
olis, IN, 46206. 


FCC gets petition to permit 
stereophonic AM broadcasting 

Kahn Communications, Inc., of Free¬ 
port, NY, has filed a petition asking that 
the Federal Communications Commission 
institute rule-making proceedings looking 
toward regulations that would allow AM 
broadcasters to operate sterephonically. 
The petition states that the Kahn AM 
stereo broadcasting system is completely 
compatible with standard AM broadcast¬ 
ing and does not degrade present broad¬ 
cast service; and that it will allow AM 
broadcast listeners to enjoy stereophonic 
reception with little or no additional 
investment in receiving equipment. 

The system has been demonstrated 
several times in on-the-air experiments, 
notably dver WFBR, Baltimore, and was in 
use by station XETRA, Tiajuana, Mexico, 
for more than three years. 

The Kahn system is a type of compatible 
single-sideband that can be received with 
two ordinary broadcast receivers, one 
tuned slightly below and the other slightly 
above the carrier frequency. A receiver 
designed to receive this type of AM stereo 
might have two IF’s, one tuned slightly 
higher in frequency than the other. 

An ordinary receiver tuned to the carrier 
receives both channels with the same 
results as if the station were using 
conventional modulation. R-E 




SPACETRACK 



ELECTRONIC LANDMARK GONE 


THE “GOLF BALL” 160-FOOT RADOME of the radar system built by RCA in southern New Jersey in 
1959, is now a thing of the past. The Air Force reports that it has become unnecessary; its functions 
are now being performed at other radar sites. 

Designed as a prototype lor the Air Force’s Early Warning system in the North, the 84-foot dome 
was constructed to withstand the 150-mph winds of the Arctic. It was made with nearly 1,650 
interlocking hexagonal pieces, and one pentagonal piece at the top. 

The “Golf Ball” was considered the most powerful radar in the world when it was designed. It could 
track a three-foot object 3,000 miles away. It has been used to track spacecraft, study eclipses, and 
take precise measurements of objects in space. Among its feats was a more precise determination of 
the value of the Astronomical Unit, the mean distance between the earth and the sun. This 
measurement has been valuable to scientists in determining orbital data on satellites and other 
planets more accurately. 


















Gas-Discharge 
Alarm Clock 


A digital clock with a 
gas-discharge display that 
uses neon gas to produce a 
pleasing orange glow. 

The alarm feature is optional 
and the clock is powered 
from a 115-volt AC line 


PAUL EMERALD* 

THE ELDER STATESMAN AMONG ELECTRONIC 

displays is the gas-discharge display 
panel; its ancestry lies in the ubiquitous 
neon lamp, and later in the Nixie tube 
pioneered by Burroughs in the 1950’s. 
Newer gas-discharge displays are pla¬ 
nar, multi-digit, seven-segment types 
such as the Burroughs Panaplex series. 
These displays are evident in a wide 
variety of display applications, particu¬ 
larly desk-top calculators. Rather than 
the single formed-wire characters found 
in the Nixie tubes, the planar displays 
usually operate in a multiplexed seven- 
segment format while emitting the same 
pleasing orange glow. 

The gas-discharge panel used in this 
full-feature clock has six digits and is 
easily read from 25 feet. The hours and 
minutes digits are 0.7-in. high while the 
seconds are 0.5-in. high. This display is 
coupled with two state-of-the-art IC 
drivers from Sprague Electric and a 
Mostek PMOS alarm clock IC to form 
the many featured electronic clock that 
is described. The clock can be readily 
turned into a wall, mantel or bookcase 

* Manager Applications Engineering, Sprague 
Electric Co., Worcester, MA. 



clock—with or without the alarm op¬ 
tion. 

Display 

The Panaplex display requires a 
minimum ionization voltage of 180 volts 
for operation, and it’s a thin/thick film 
circuit sandwich with a neon gas 
mixture between the anode (+) and 
cathode ( —). An orange glow is visable 
when the neon mixture is ionized by the 
application of appropriate voltage and 
current. 

The segment (cathode) side of the 
sandwich is thick-film technology on 
either a ceramic or, more recently, a 
glass substrate. All like segments are 
internally connected (Digit la to Digit 
2a, Dlb to D2b to D3b, etc.) for multi¬ 
plexed operation. This technique min¬ 
imizes display connections, MOS IC 
pins, board wiring, interface electronics, 
etc. Segments in the display are 
switched to a negative supply potential, 
in this case —95 volts. Figure 1 shows 


and bussed con- 
like segments (cath¬ 
odes) in an exploded view. 

The digit (anode) half of the display 
panel is glass with a thin film conductor 
such as tin oxide. The anode is switched 
to a positive potential, in this case +95 
volts. The digit (anode) is fundamen¬ 
tally the same as the wire-screen anode 
of the Nixie tube, or the common 
terminal (anode or cathode depending 
upon type) in LED’s, etc. Figure 2 
shows the connections for the display. 


Clock IC 

The clock IC is Mostek’s MK 50250— 
a PMOS, multiplexed 28-pin DIP with g 
several available features. The MK < 
50250 can operate as either a 12-hour s 
60-Hz clock, or a 24-hour 50-Hz clock. ^ 
For this clock, the 12-hour 60-Hz option 33 
is used. The MK 50250 has several £ 
features—alarm (24 hour period), snooze a> 
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(10 minute interval), three intensity 
levels (pulse modulated outputs) and 
AM/PM capability. Also, with a brown¬ 
out or momentary power failure, the 
clock will alternately flash the AM and 
PM numerals to indicate that the 
displayed time is incorrect. 

Of the available features, only the 
AM/PM feature requires any appre¬ 
ciable number of components. Its level 
of complexity is due to the incompati¬ 
bility of the MOS chip and the display 
configuration itself. The schematic diag¬ 
ram (see Fig. 3) shows the interface to 
the separate AM/PM indicators in the 
display. This interface consists of tran¬ 
sistors Q2 and Q3 and the associated 
components. 

The MK 50250 is actually a 24-hour 
clock, even though the display never 
indicates other than a 12-hour cycle. 
However, the AM/PM is important 
when incorporating the alarm. The 
alarm will not go off at 6:30 PM if it is 
set for 6:30 AM. Hence the need to 
know if the clock is set to an AM or PM 
state—a feature not available in electro¬ 




SETTING CLOCK TIME 

Begin: 

time set switch in RUN position, function switch in COUNT 
inhibit position. 

Set Minutes: 

Push time set switch to SET mins position. Increment minutes to 
correct setting. 

Set 10 Minutes: 

Quickly slide TIME SET switch to next lowest position when 
minutes have been set. 

Set Hours: 

Quickly slide time SET switch to next lowest position where it 
then will increment to proper hour setting. Note: With AM/PM 
operation it is a full 24-hour cycle. 

Run: 

As proper hour and AM/PM indication is set, push slide switch 
to bottom position for clock operation. 

Count Inhibit: 

Although it is not necessary to start with the FUNCTION switch in 
this position, it allows the synchronization of the clock with an 
appropriate time reference. 


Note: This clock will operate effectively with a 60-Hz input 
frequency and an input voltage range from 95 VAC to 115 VAC. 

Do not exceed 115 VAC since damage to the power supply may 
result. 


mechanical clocks. 

Another feature is the three-level 
display intensity-bright, medium, and 
dim. The digit and segment outputs are 
pulse-width modulated to provide three 
distinct intensity levels to correspond to 
ambient light conditions. High ambient 
light gives the brightest display, while 
low ambient light produces a low duty- 
cycle strobing of the display and results 
in a readout that does not glare harshly 
in a dim or dark room. 

The automatic intensity feature is 
easily accomplished by using only a 
cadmium-sulphide photocell (R2) and a 
single resistor (R3). The MK 50250 IC 
has a three-level intensity control input 
(pin 11). When this input is pulled 
toward the V ss potential (V ss = 16 
volts), the outputs are multiplexed with 



the maximum duty cycle (approx. 
14.29%) resulting in a bright display. 
With the intensity input at a level close 
to the V DD potential (ground) the 
outputs are pulse modulated to the 
minimum duty cycle (approx. 2.60%) 
resulting in a dim display. 

The photocell and fixed resistor oper¬ 
ate in a manner similar to having a 
potentiometer connected to the resistor, 
the resistance of the photocell varies 
with the ambient light. Minimum resis¬ 
tance (high ambient light) pulls IC2 pin- 
11 well toward V ss , while low light levels 
produce a high resistance and the input 
voltage is close to V DD . The medium 
level is when the fixed resistor and 
photocell are approximately equal. The 
duty cycle of the intermediate intensity 
level is approximately 7.20%. The 














All resistors are '/ 4 -watt, 10%, unless 
noted. 

R1—120 ohms, ’/ 2 watt (required for 
optional alarm) 

R2—CdS photocell, 3.3K at 2 foot- 
candles, 220K minimum dark 
resistance, 125 mW at 25°C maximum 
power (Clairex CL7P5L, Vactec 
VT801, or equal.) 

R3—See text 

R4—470,000 ohms 

R5, R15-22,000 ohms 

R6—82,000 ohms 

R7—680,000 ohms 

R8, R9—27,000 ohms 

R10-100,000 ohms 

R11, R12-3900 ohms 

R13-180,000 ohms 

R14-2000 ohms, 3 watts (1500 ohms, 


5 watts with optional alarm) 

R16—2000 ohms, 3 watts 
R17, R18-68,000 ohms, '/ 2 watt 
Cl-.001 jiF, 100V disc 
C2-.01 fiF, 125VAC disc (Sprague 125L- 
S10 or equal.) 

C3—600 fiF, 25V electrolytic 
C4, C5-50 nF, 150V electrolytic 
D1, D2—7.5-volt Zener (1N5852 or 
equal.) 

D3-D7, D9, D14, D15-600-volt, 1A 
diode (1N4005 or equal.) 

D8-16-volt, 10% Zener (1N5862 or 
equal.) 

D10-D13-47-volt, 1-watt, 5% Zener 
(1N4756 or equal.) 

Q1—2N4401 transistor (or equal.) 

Q2—2N5400 transistor (or equal.) 

Q3—2N5550 transistor (or equal.) 

IC1—UDN-6164A (Sprague) 


IC2—MK50250 (Mostek) 

IC3—UDN-7183A (Sprague) 

51— 2 pole, 4-position slide switch 

52— 2p, 3p, spring return 

53— 1 pole, 4-position slide switch 
Misc: PC board, display (Burroughs 

CD60733-CM or Cherry Electric 
W06-0001), display connector, 
V 4 -ampere fuse, fuse clips, 
wire, solder, etc. 

The following parts are available from 
AVTEK Electronics, P.O. Box 457, An¬ 
dover, MA 01810: A complete kit of parts 
that includes a PC board and all other 
electronic components—$59.50; and a 
partial kit that includes a PC board, three 
IC’s, three switches, photocell, display 
and connector—$39.50. A case consisting 
of plastic front and back covers plus 
hardware is also available for $7.50. 
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can’t go 
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career in 
electronics 
-read this! 

CREI brings college-level training 
to you with eight educational 
| advantages, including special 

| arrangements for engineering degrees 
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The best way to qualify for top positions 
and top pay in electronics is obviously 
with college-level training. The person 
with such training usually steps more 
quickly into an engineering level posi¬ 
tion and is paid considerably more than 
the average technician who has been on 
the job several years. 

A regular college engineering pro¬ 
gram, however, means several years of 
full-time resident training—and it often 
means waiting several years before you 
can even start your career. This, of 
course, is difficult if you must work full 
time to support yourself and your fam¬ 
ily. 

If your career in electronics is limited 
without college-level training, take a 
look at the advantages a CREI home 
study program can offer you. 

1. Convenient Training 

CREI brings the college to you. 
Through the convenience of home study, 
you receive exactly the same level of 
training you will find in any college or 
university offering programs in elec¬ 
tronic engineering technology. With 
CREI, however, you can “go to college” 
whenever you have spare time at home 
or on the job. 

2. Specialized Programs 

With CREI, you enjoy the advantage of 
specialized training. That is, your pro¬ 
gram will include only those courses 
directly applicable to your career in 
electronics. We omit such courses as 
English, social studies and other sub¬ 
jects, which are usually required in 
resident schools. Therefore, with CREI, 
you move ahead faster to the more in¬ 
teresting and useful part of your train¬ 
ing. 

3. Practical Engineering 

CREI programs give you a practical 
engineering knowledge of electronics. 
That is, each part of your training is 
planned for your “use on the job.” By 
using your training, you reinforce the 
learning process. And by demonstrating 
your increased knowledge to your em¬ 
ployer, you may qualify for faster ca¬ 
reer advancement. 

4. Engineering Degrees 

CREI offers you a number of special 
arrangements for earning engineering 
degrees at recognized colleges and uni¬ 
versities. You can earn college credit 
while you are taking your CREI pro¬ 
gram or apply later, whatever is best for 
your career plans. 







eer Training at Home 



Send for this FREE Book 
describing your opportunities 
and CREI college-level 
programs in electronics 


Gl Bill 

CREI programs 
are approved 
for training of 
veterans and 
servicemen under 
the G.I. Bill. j 


. Unique Laboratory 

nly CREI offers you the unique Elec- 
onic Design Laboratory Program. This 
miplete college laboratory makes learn- 
ig advanced electronics easier and it 
Ives you extensive practical experience 
i many areas of engineering, including 
esign of electronic circuits. No other 
:hool offers this unique program. It is a 
etter “Lab” than we have found in 
tany colleges. And the professional 
quipment included in the program be- 
omes yours to keep and use throughout 
our professional career. 

>. Wide Program Choice 

1REI gives you a choice of specializa- 
ion in 14 areas of electronics. You can 
elect exactly the area of electronics best 
or your career field. You can specialize 
n such areas as computer electronics, 
:ommunications engineering, micro- 
vave, CATV, television (broadcast) 
:ngineering and many other areas of 
nodern electronics. 

7. Prepared by Experts 

Experts in industry and technical orga¬ 
nizations of government develop CREI 
programs. Each part of your training is 
developed by a recognized expert in that 
area of electronics. That means you get 
the most up-to-date and practical in¬ 
struction for your career. 

8. Industry Recognition 

That CREI training is recognized by in¬ 
dustry and government is evident from 
the fact CREI provides training to ad¬ 
vanced technical personnel in over 
1,700 technical organizations. Many sub¬ 
sidize the training of their employees 
with CREI. If there is any question 
about the advantages of CREI training 
for you, ask your employer or any engi¬ 
neer to evaluate the outline of a CREI 
program for you. 

Other Advantages 

Of course, there are many other ad¬ 
vantages to CREI training. For ex¬ 
ample, throughout your training, CREI’s 
staff gives you personal instruction for 
each step of your program. And in 
many industrial areas, both in the U. S. 
and abroad, CREI Field Service Repre¬ 
sentatives provide a number of impor¬ 
tant personal services for your training 
and your career. 


FREE Book 

There isn’t room here to give you all of 
the facts about career opportunities in 
advanced electronics and how CREI 
prepares you for them. So we invite 
you to send for our free catalog (if you 
are qualified). This fully illustrated, 80 
page catalog describes in detail the pro¬ 
grams, equipment and services of CREI. 


Qualifications 

You may be eligible to take a CREI 
college-level program in electronics if 
you are a high school graduate (or the 
true equivalent) and have previous 
training or experience in electronics. 
Program arrangements are available de¬ 
pending upon whether you have exten¬ 
sive or minimum experience in elec¬ 
tronics. 


CAPITOL 

RADIO 

ENGINEERING 

INSTITUTE 


McGraw-Hill Continuing Education Center 
3939 Wisconsin Avenue Northwest 
Washington, D.C. 20016 

Accredited Member National Home Study Council 


Mail card or write describing qualifications to 


75 








Improved Noise- 
Reduction 


for Tapes 


Super-ANRS—developed by JVC and 
incorporated in several of their newly 
introduced stereo cassette decks—provides improved 
noise-reduction and increased dynamic-range capability 


LEN FELDMAN 

CONTRIBUTING HI-FI EDITOR 

AS JUST ABOUT EVERY CASSETTE DECK OWN- 
er knows by now, noise-reduction 
systems such as Dolby and ANRS (the 
Automatic Noise Reduction System de¬ 
veloped by Japan Victor Company) 
increase the dynamic range capability of 
the cassette recording format by lower¬ 
ing the noise threshold, above which the 
softest recorded sounds can be heard. 
Both of these systems increase the 
recording level of high-frequency 
sounds when those sounds are part of a 
soft passage of music. The amount of 
high-frequency pre-emphasis during the 
record process is dependent upon the 
average signal level being recorded and 
varies continuously. Loud passages, for 
example, undergo no pre-emphasis 
whatever, while softest passages under¬ 
go the greatest amount of pre-emphasis 
during the record process. 

During playback, voltage-controlled 
frequency-sensitive amplifiers reverse 
the process, attenuating high-frequency 
playback by the amount required to 
restore flat frequency-response at all 
loudness levels. Typically, this process 
improves the signal-to-noise ratio above 
about 5 kHz (where tape hiss is most 
audible) by approximately 10 dB. While 
most people think of this action in terms 
of noise reduction, the process can also 
w be thought of as increasing the 
y dynamic-range capability. The boun- 
O daries of dynamic range in tape record- 
h mgs consist of the low residual tape 
lu noise-level at one extreme and the tape 
saturation level at the other extreme. If 
6 we think of the recorded program as a 
Q ship passing under a bridge, taller ships 
cc can be accommodated either by “low- 
76 


ering the water or raising the bridge.” 
Noise reduction systems, in this analogy, 
“lower the water.” 

Upward dynamic expansion 

In an attempt to “raise the bridge,” 
JVC has now come up with a modified 
version of their original ANRS system 
that they call Super-ANRS. In order to 
understand how it works, it is necessary 
to review some of the principles of tape 
recording. During the recording process, 
input signals are equalized so that high- 
frequency signals are boosted by a pres¬ 
cribed amount. This is done so that the 
playback response will be reasonably 
flat beyond the point at which the play- 
back-head response begins to fall off. 
The principle of record equalization is 
illustrated in the graph of Fig. 1. 



10 Hz 100 Hz 1kHz 10 kHz 


FREQUENCY 

FIG. 1-TYPICAL RECORD EQUALIZATION ap¬ 
plied to cassette systems to compensate for 
head and tape characteristics. 

Because cassette recorders operate at the 
slow speed of l 7 / 8 IPS and use a narrow 
tape, the record equalization used in 
cassette decks pre-emphasize high fre¬ 
quencies much more than does the 
equalization appled to faster operating 
open-reel decks. As a result, tape satura¬ 
tion at high frequencies occurs more 


readily. Figure 2 illustrates this effect. 
At low recording levels, playback output 
level is linear with respect to record 
input level for both the 1 kHz and 10 
kHz signals. But, at higher recording 
levels, the 10-kHz signal saturates the 
tape at a level that is nearly 15 dB lower 
than the saturation point for the 1 kHz 
signal. If the music you try to record 
contains a high percentage of higher 
frequencies (music dominated by cym¬ 
bals, piccolo or even guitar sounds that 
have high-frequency transients), the 



FIG. 2—CASSETTE TAPE saturates more readi¬ 
ly at high-frequencies, as this linearity curve 
shows. 
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FIG. 3—RECORD/PLAYBACK frequency re¬ 
sponse of cassette tape. 





































































dynamic range of the tape is exceeded 
and when the recording is played back, 
sounds are distorted. 

This point is further illustrated in the 
curves of Fig. 3. If you try to measure 
the response (record/playback) of a 
cassette deck using a record level of 0 
dB (as indicated on the record level 
meters) or even +5 dB, high-frequency 
response rolls-off above about 5 kHz 
(for 0 dB recording level) or at an even 
lower frequency for the +5-dB record 
level. It is for this reason that most 
manufacturers quote the record/play- 
back frequency response of their 
products on the basis of a —20 dB or 
even a — 30 dB recording level. At this 
lower recording level, the overall 
response is improved because the high 
frequencies are not saturating the tape, 
even with record equalization added. 
But, there are moments in musical 
recording when high-frequency musical 
peaks do occur and often they occur too 
rapidly to be observed on the record- 
level meters. 

How super-ANRS works 

Figure 4 is a simplified block diagram 
of the Super-ANRS principle developed 
by JVC. Basically, the circuit consists of 
a variable impedance circuit that deter¬ 
mines the amount of high-frequency 
boost of the regular ANRS (noise reduc¬ 
tion) filter circuit at the left plus a 
second Super-ANRS filter circuit. The 
super-ANRS filter circuit shares the 
common variable impedance elements 
of the regular ANRS circuit. At low 
signal levels, the variable impedance 

ANRS FILTER SUPER-ANRS 




rises in value (determined by the control 
voltage) and the record response at 
various input levels is made to vary in 
accordance with the solid fines of Fig. 5. 
When the selector switch is thrown to 
Super-ANRS, an additional high-cut 
filter element formed by Rl, Cl and R2 
is introduced. This additional high-cut 
filter compresses or attenuates high-level 
high-frequency signals in the recording 
process as indicated by the dotted fines 
of Fig. 5. Low level operation of the 
regular ANRS filters remains the same. 
The extra Super-ANRS circuit selec¬ 
tively compresses the signals with up to 
6 dB for a +10 dB (as indicated on the 
meter) signal at 10 kHz. 

During playback, exactly the reverse 
process takes place, as shown in Fig. 6. 
Low-level high-frequency signals are 



correspondingly attenuated by the ac¬ 
tion of the regular ANRS circuit (re¬ 
storing the flat frequency-response at 
moments of low-level reproduced mu¬ 
sic) while high-level high-frequency sig¬ 
nals that had been compressed in the 
Super-ANRS recording process are now 
expanded during playback (shown by 
the dotted fines in Fig. 6). The 10-kHz 
signal that was compressed by 6-dB in 
recording (at a 10-dB level) is now 
expanded by precisely the same 6 dB 
and is therefore reproduced at exactly 
the same level as when applied to the 
input of the tape deck. 

The use of ANRS together with 
Super-ANRS therefore provides a dou¬ 
ble benefit. ANRS extends the dynamic- 
range downwards as it reduces tape 
noise-level, while Super-ANRS also 
extends the dynamic-range capability 
upwards. An illustration of the overall 
effect of both circuits is shown in Fig. 7. 
The double process reduces high-level 
sounds and boosts low-level sounds 
during recording. The sounds are proc¬ 
essed in such a way that loud sounds 
(which might exceed the tape saturation 
level) and soft sounds (which might be 
obscured by tape hiss) can now be 
recorded within the available dynamic- 
range boundaries of the tape. In play¬ 
back, the system restores the original 
levels with tape hiss significantly 
reduced and the effective saturation 
level raised. 




FIG. 8—INPUT/OUTPUT characteristics ot the 
Super-ANRS circuit. 


Figure 8 illustrates the action of 
Super-ANRS in terms of input/output 
characteristics. Note that for a 10-kHz 
signal, the system actually switches over 
from an expand-compress process (be¬ 
low levels of about —20 dB) to a 
compress-expand system (at levels 
above -20 dB). 

Figure 9 compares the record/play- 
back linearity characteristics of normal 
tape for a 10-kHz signal with apd 
without the Super-ANRS circuit acti- 



FIG. 9-RECORD/PLAYBACK linearity charac¬ 
teristics of cassette tape with and without 
Super-ANRS 


vated. With the circuit turned off, the 
10-kHz curve is the same as that plotted 
earlier in Fig. 2. With Super-ANRS in 
the circuit, the linearity for this 10-kHz 
signal is significantly increased and, 
while it still does not approach the 
linearity of a 1-kHz signal, the output g 
level for a +5-dB input level is < 
increased by approximately 12 dB. The s 
lower two curves of Fig. 9 show distor- ™ 
tion versus input level. For a 10-kHz 3 
signal at 0-dB record level, distortion co 
continued on page 104 o> 
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Radio-Electronics ^bbdhi 

Tests Crown IC-150A Preamplifier 


LEN FELDMAN 

CONTRIBUTING HI-FI EDITOR 

ANYONE FAMILIAR WITH CROWN'S EARLIER 

model IC-150 will immediately realize that 
the new IC-150A is a totally redesigned unit, 
both in terms of front-panel arrangement and 
internal circuitry. The newer preamplifier- 
control unit, shown in Fig. 1, is supplied with 
a vinyl-clad black wrap and can be operated 
free-standing. Additionally, it can be 
mounted in an optionally available wood 
cabinet, custom mounted in a cabinet panel 
of your choice, or rack-panel mounted by 
means of angle brackets and hardware 
supplied with each unit. When rack¬ 
mounted, the unit is fight enough so that no 
support shelf is required. 

Major controls along the upper section of 
the panel include a selector switch (with 
two phono settings, a tuner position and 
three aux positions plus two tape positions), 
balance control, dual-concentric bass and 
treble controls, a unique continuously vari¬ 
able panorama control (that makes a smooth 
transition from stereo, to mono, to reverse 
stereo) and a precision switch-type volume 
control calibrated in 2-dB steps from 0 dB to 
— 58 dB. A pushbutton located between the 
volume and selector switches activates the 
loudness control circuitry, while a similar 
pushbutton between the bass and treble 
contrbls serves to bypass the tone control 
circuitry completely for absolutely flat 
response. Five pushbuttons centered along 
the lower, black section of the panel take care 
of two tape monitor circuits, low and high 
filters and the power on/off function. At the 
lower left are a pair of single-circuit phone 
jacks for front panel connection to the aux 3 
inputs, while at the extreme lower right is a 
stereo (two-circuit) phone jack for monitor 
output. 

The rear panel is shown in Fig. 2. No less 


than six convenience AC outlets are 
provided, five of which can handle a 
combined AC drain of 25 amperes. Input and 
output jacks are all mounted on a horizontal 
surface, but descriptive legends correspond¬ 
ing to these jacks are screened on the rear 


vertical surface for legibility. Near the pairs 
of phono inputs are screwdriver adjustment 
controls that permit you to vary the gain of 
the phono preamp section over a 20-dB 
range, with maximum sensitivity being 0.7 
mV for rated output. In all of our subsequent 
tests, these controls were set to provide rated 
output (2.5 volts) from the main outputs with 
a phono input level of 2.5 mV. A slide-switch 
changes the gain by a fixed 10 dB. 

Circuit description 

The number and type of equipment that 
can be connected to the IC-150A is extremely 
diverse. As illustrated in the connection 
diagram of Fig. 3, as many as four different 
tape decks could be used with the system, 
along with two turntables and a tuner. Only 
two decks could be monitored however if 
they are of the three-headed variety. Note, 


too, that since there are two pairs of main 
output jacks, signals could be fed to two 
separate stereo power amplifiers, if desired, 
or to a power amplifier and a headphone 
amplifier as shown in the connection diag- 


A signal-flow block diagram of the IC- 
150A is shown in Fig. 4. The electronics of 
the IC-150A are built around five integrated 
circuits that provide the equivalent of 89 
transistors, 25 FET’s, 3 Zener diodes and 12 
diodes. In addition, 7 bipolar transistors, 1 
FET, 1 Zener and ten diodes are used in 
discrete form. The output of the IC-150A is 
muted for several seconds after turn-on to 
protect speakers against “pops”. The phono- 
preamplifier section employs a low-noise 
complementary design, using an LM301AN 
operational amplifier IC. Tone control and 
voltage amplifiers are LF356H FET op-amp 
IC’s; one per channel. 

Two major circuit boards are used in the 
construction of the IC-150A: one containing 
the phono-preamp circuitry, the other for 
high-level amplification, tone control circuits 
and power-supply parts. The regulated 
power-supply delivers plus and minus 18 
volts. The master volume control is posi¬ 
tioned directly following the high-level input 
circuits, followed by the balance and pano¬ 
rama controls that precede the tone control 
amplifier stages. The 10-dB output attenuator 
is in the form of a precision voltage-divider 
arrangement just preceding the actual output 
terminals. Muting relay contacts (that delay 
audio tum-on) follow all the active signal- 
handling elements of the circuit. 

Laboratory measurements 

A summary of our test measurements is 
shown in Table I and can be readily 
compared with manufacturer’s claims. At 


MANUFACTURER’S PUBLISHED SPECIFICATIONS: 

Frequency Response: High Level: ±0.6 dB from 3 Hz to 100 kHz; Phono (RIAA): 
±0.5 dB. Phase Response: High Level: + 1 ° to - 12°, 20 Hz to 20 kHz; Phono: ±5°, 
20 Hz to 20 kHz. Hum and Noise: Phono: 85-dB below 10 mV input; High Level: 95- 
dB below rated output. THD: Less than 0.0005% at rated output with 1-kHz input; 
0.05% from 20 Hz to 20 kHz. IM Distortion: Less than 0.002%. Input Gain: Phono: 
adjustable from 30 to 50 dB; High Level: 20.8 dB ±0.2 dB. Phono Overload: 33 to 
330 mV, depending upon gain setting of input. Output Level: 12-volts maximum 
before overload; 2.5 volts, rated. Tone Control Range: ±15 dB at 30 Hz (bass) and 
15 kHz (treble). Filters: Rumble: - 3 dB <3 24 Hz, 6 dB/octave; Scratch: - 3 dB @ 5 
kHz, 12 dB/octave. Power Requirements: 2 watts @ 120V or 240V, 50-400 Hz. 
Dimensions: 19-inches standard rack mount; 17 x S'A x 87s-inches behind panel. 
Weight: 10 lbs (20 lbs in optional walnut-finish cabinet). 
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maximum deviation occurring at the extreme 
low end of the audio spectrum. Our phono 
hum measurement of 72 dB is referred to an 
input sensitivity of 2.5 mV. Translated to a 10 
mV input (as specified by Crown), the 
number becomes 84 dB, or within a hair’s 
breath of the 85 dB claimed. Both Crown’s 
claim and our measurements were made 
without any weighting network applied. 
Frequency response for the high-level inputs 
was within 1-dB from 4 Hz to 37 kHz, and 
hum-and-noise for these inputs was exactly 
95-dB below rated output as claimed. 

As stated earlier, all of our phono perform¬ 
ance measurements were made with respect 
to a 2.5-mV input for an output of 2.5-volts 
(a total system gain of 60 dB), but we did 
check the range of the gain adjustments for 
phono and determined that overall gain 
could be varied from 70 dB to 50 dB so that 
the phono input-signals ranging from 0.79 
mV to 8.0 mV could be adjusted to produce 
the rated output. 

The range of the bass and treble controls 
are shown in the composite scope photo of 
Fig. 5, with a flat-response trace superim- 





4 


mid-frequencies, the maximum output ob¬ 
tained before overload exactly equalled the 
12.0-volts claimed. The harmonic distortion 
observed for rated output (2.5 volts) is 
undoubtedly produced by our signal source, 
which is known to contain around 0.002% 
THD. Thus, we cannot substantiate Crown’s 
claim of 0.0005% for this specification. 
Obviously, at these distortion levels, the read¬ 
ings become a bit academic anyway since no 
one is likely to hear this level of distortion 
under actual listening conditions. Note, 
however, that there is a tendency for THD to 
increase, however slightly, at the high- 
frequency end of the spectrum where we did 
measure 0.047% for rated output. 

The phono equalization was accurate to 
within 0.4 dB of the RIAA curve, with 



posed for reference. High and low filter 
response corresponds exactly to manufac¬ 
turer’s claims, with the rumble filter exhi¬ 
biting a 6 dB-per-octave slope and the high- 
cut filter attenuating frequencies above about 
5 kHz at a rate of 12 dB-per-octave. 

Figure 6 serves to illustrate two important 
features of the IC-150A. First, of course, we 
see the loudness control compensation at 10 
dB intervals. This loudness compensation 
differs somewhat from the so-called Fletcher- 
Munson curves that have been traditionally 
used as a basis for loudness compensation at 
low listening-levels. These new curves are 
based upon more recent work by Robinson 
and Dadson (1956) which has been adopted 
by the International Standards Organization. 
Note, in particular, that no high-frequency 






































































































priced cartridges we have checked. Table 1 
lists our measurement results. 

Frequency response obtained with the 1- 
gram tracking force setting, as well as 
channel separation, are shown in Fig. 3. 
Channel separation at 1 kHz was an impres¬ 
sive 30 dB, exactly as claimed. At 10 kHz, 
separation decreased to 22 dB, somewhat 
better than claimed. Results were virtually 
identical for both channels so only the right 
channel is shown for frequency response and 
the left channel was measured for separation. 
It should be noted that to obtain this ex¬ 
tremely smooth response it was necessary to 
add capacitance to the cartridge loading 
circuitry so that the total (including internal 
pick-up wires) added up to the recommended 
470 pF. During an earlier trial test, we noted 
a rising characteristic at the high-frequency 
end of the spectrum, amounting to around 
+ 3 dB. Since this did not correspond with 
the manufacturer’s stated results (an indi¬ 
vidual response curve and separation curve is 
supplied with each model of the P8E 
cartridge), we checked the cables we had 
been using only to discover that our previous 
testing with this turntable had involved a 
discrete 4-channel pickup that required a 
very low (100 pF) capacitance cable. Our 
Empire turntable had been fitted with low 
capacitance cable for the purpose of those 
earlier tests and once we reconnected the 
standard cable (that measured 350 pF for its 
4-foot length) we were able to obtain the 
curves shown, which corresponded almost 
precisely with the manufacturer’s included 
graphs. 

Use and listening tests 

As with all transducers (speakers, head¬ 
phones and phono pickups), measurements 
alone do not tell a complete story. We used 
the AK.G P8E cartridge for several days for 
both casual and serious musical listening and 
came to appreciate its accurate tracking capa¬ 
bility as well as its ability to pick up and 
reproduce difficult transients contained in 
some especially demanding musical test 
records. Our summary comments will be 
found together with our overall product anal¬ 
ysis in Table II. From tests of this relatively 
high priced cartridge, we can only conclude 
that AKG has managed to impart the same 
high level of technological achievement in 
the P8E (we cannot, of course, speak for 
lower priced models in the new line) as they 
have done in their highly regarded line of 
professional microphones—and that level is 
considerable. R-E 


New Sony anti-dubbing device to 
foil video tape pirates 

The Sony Corp. is now marketing in 
Japan a dub-proof tape recording system, 
CSX-100, designed for the Beta max cas¬ 
sette video-tape recording system. 

The new system is used at copy- 
producing centers that mass-produce Be- 
tamax video-tape cassettes. It produces 
special electrical signals to make the tape 
w uncopiable by any other Betamax VTR. 
O When an illegal operator tries to repro- 
g duce a tape the result is a tape with 
oc images so scrambled as to be unsuitable 
£ for commercial sale, 
y Sony spokesmen stated that the new 
lu device might solve the pirating problem 
O for computer software producers as well 
G as for the entertainment tape producer, 
tr The system was being marketed in 


TABLE 1 

RADIO-ELECTRONICS PRODUCT TEST REPORT 


Manufacturer: AKG (Philips) 


Model: P8E 

PHONOGRAPH CARTRIDGE MEASUREMENTS 



R-E 

R-E 


Measurements 

Evaluation 

FREQUENCY RESPONSE 

20-20, 2 

Excellent 

(Hz-kHz, ±_dB) 

See Fig. 3 

STEREO SEPARATION 

Separation, 1 kHz (dB) 

28 


Separation, 10 kHz (dB) 

22 

Excellent 

Separation, 30 kHz (dB) 

N/A 

CHANNEL BALANCE, 1 kHz (dB) 

0.5 

Excellent 

TRACKABILITY MEASUREMENTS 

Stylus velocity at 1 kHz (cm/s) 

31.5 


Stylus velocity at 10 kHz (cm/s) 

30.0 

Very good 

COMPONENT MATCHING CHARACTERISTICS 

Output level, 1 kHz, 3.54 cm/s (mV) 

3.0 


Optimum load impedance (ohms) 

47,000 


Tracking force range (_ to _ grams) 

0.75 to 1.25 


Cartridge weight (grams) 

5.86 grams 


OVERALL PHONO CARTRIDGE RATING 


Excellent 


TABLE II 

RADIO-ELECTRONICS PRODUCT TEST REPORT 

Manufacturer: AKG (Philips) Model: P8E 

OVERALL PRODUCT ANALYSIS 

Retail price $100.00 

Price category High 

Price/performance ratio Very good 

Styling and appearance Excellent 

Sound quality Excellent 

Mechanical performance Very good 

Comments: Aside from the measurement of frequency response, trackability and required 
tracking force for best tracking results, the evaluation of any phono cartridge 
becomes a highly subjective matter. Most of the cartridges of the pre-quadriphonic 
era exhibited a high-end resonance that gave them a characteristic "brightness" 
that many listeners came to regard as “natural” and desirable. It was only when the 
demands of the CD-4 disc forced manufacturers to "push" pickup resonance to 
beyond audibility that listeners began to realize that they had been listening to high- 
frequency response that was anything but "flat". Properly loaded, the AKG model 
P8E cartridge has no peak in response to beyond 20 kHz and this gives it a smooth, 
natural sounding quality that may take some getting used to. In our opinion, it is a 
highly desireable trait and one which will come to be appreciated the more one 
listens to this excellent pickup. Orientation of the cartridge seemed to be less critical 
than with most, and stereo imaging and positioning of instruments is extremely 
stable and well defined. With tracking forces of only 1 gram, the cartridge was able 
to reproduce music from our most demanding test discs with no evidence of mis- 
tracking and very good transient reproduction. The use of this model should be 
limited to installation in pickup arms that have extremely low pivotal friction such as 
those found in better single-play manual or semi-automatic turntable systems and a 
very few multiple-play high quality systems. 


Japan early last summer for about $3,300. 
Bernie Mitchell now president of 
Institute of High Fidelity 

The Institute of High Fidelity elected 
Bernie Mitchell, head of U.S. Pioneer 
Electronics Corp., president of the Insti¬ 
tute at its 1976 general meeting in New 
York. He succeeds George De Rado, 
president of TEAC Corp. of America, who 
was elected vice president at the same 
meeting. Richard Ekstract, of Audio 
Times, was elected secretary and Walter 
Stanton, of Stanton Magnetics, treas- 

The Board of Directors includes Victor 
Amador of Audio Dynamics; Arthur Gas¬ 
man, British Industries; Ed Hopper, Ziff- 
Davis; Jerry Kalov, Jensen Sound Labs, 
and Jay Schaub, United Audio, together 
with the four officers. 



BERNIE MITCHELL 

Mrs. Gertrude Nelson Murphy continues 
as Executive Director. R-E 
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lor correction 
from 

mera to pix 




A new system that automatically adjusts 
the color from the camera all the way to the 
picture on the TV screen in your home 


TURNING ON YOUR FIRST COLOR SET 

brought the exhilaration of a jump in 
TV viewing enjoyment. Unfortunately, 
after the initial novelty wore off, the 
system faults rose to the surface some¬ 
what diluting your enthusiasm. High on 
the list of complaints were the annoying 
inconsistencies in tint and color level. 

Changes in hue, color saturation and 
brightness levels were not only notice¬ 
able from channel to channel but from 
one program to the next, and especially 
between entertainment and commercial 
segments. Hue and saturation levels 
simply did not stay within reasonable 
limits. Constant adjustment was neces¬ 
sary, or the viewer gave up and watched 
a generally poor facsimile of the original 
studio image. 

Much has been done to vastly 
improve the consistency of color televi¬ 
sion pictures. The VIR (Vertical interval 
Reference) concept is capable of helping 
to produce pictures of excellent consis¬ 
tency by tying together the total state-of- 
the-art transmission technology. It is re¬ 
sponsible for most of the improvements 
you have noticed over the last year or 
two. 

There are many points between the 
studio where the program originates and 
your home receiver where color prob¬ 
lems crop up. The underlying problem 
is the place where the color reference 
burst is inserted. The back porch of the 
horizontal sync pulse is a very vulnera¬ 
ble position where small amounts of 


ROGER KENFIELD 


video signal compression affects the 
burst amplitude and phase. Deviations 
from the original burst characteristics 
cause corresponding errors in the repro¬ 
duced picture since the burst ultimately 
is used by the receiver demodulators to 
reproduce the picture color information. 
These signal imperfections show up at 
virtually any point in the signal pro¬ 
cessing chain. Video tape recorders, 
stabilizing amplifiers and the trans¬ 
mitter itself are typical trouble spots. 

VIT signal 

In response to these problems, the 
Broadcast Television System Committee 
of the Electronic Industries Association 
did something about the sad situation in 
1969. There already existed the VIT 
(Vertical interval Test) signals that 
included such things as sine-squared 
pulses and multiburst signals. These 
were designed to give diagnostic infor¬ 
mation of the equipment in the broad¬ 
cast link. VIT signals may be inserted 
and measured at any point in the 
transmit signal chain and in general, do 
not follow the signal from studio to 
transmitter. Finding and improving 
individual equipment characteristics 
may help, but does not lead to an 
electrically transparent transmission 
path. (A transmission system that does 
not alter the original information.) 


VIR signal 

It became apparent that a new type of 
signal was needed and it was decided to 
experiment with VIR (Vertical interval 
Reference). The vertical blanking inter¬ 
val is a nice place to put new signals 
since this is a relatively long period of 21 
horizontal lines that is blanked from the 
viewer’s eye. It is the popular place 
where most facsimile schemes have 
been known to hide their signals. 

As a reference signal, VIR is created 
and “certified” as close to the camera as 
possible. Once the technician adjusting 
the equipment decides that the picture 
on his monitor is correct, the reference is 
encoded in such a way that allows read¬ 
justment to the video signal further 
down the line without artistic judge¬ 
ments. The logical point for this read¬ 
justment is at the furthest point just 
before electromagnetic radiation, name¬ 
ly at the transmitter. 

In contrast to VIT, VIR is not meant 
to be a measure of system performance; 
it is designed so that deviations in 
signals can be easily corrected for. 

The VIR system has been extensively 
field tested by the television networks 
and manufacturers to detect any prob¬ 
lems unforeseen at its conception. Origi- g 
nally on line 20, the signal has now been < 
assigned exclusive rights to line 19 on s 
both fields of the interlaced picture by ® 
the FCC. The relative positions of the ^ 
VIT and VIR signals in the vertical jo 
blanking-interval are shown in Fig. 1. o> 
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While line 19 has been reserved for this 
purpose, the transmission of VIR is not 
mandatory ! So VIR is really still experi¬ 
mental and its full benefits are yet to be 
realized. 

Figure 2 shows the relative ampli¬ 
tudes of the VIR signal segments. The 
waveform is shown as it appears on a 


the bottom swing of the subcarrier refer¬ 
ence. An uncalibrated waveform check 
will quickly show a signal disparity. The 
7.5 IRE luminance reference has been 
chosen above the blanking level so that 
clipping at the blanking level will not 
affect the reference EIA’s Television 
System Bulletin No. 1 gives suggestions 



FIG. 1-RELATIVE POSITION OF VIR SIGNAL 



waveform monitor calibrated in IRE 
units (140 IRE units equals 1 volt peak- 
to-peak). Zero is the blanking level. The 
signal starts out with 24 microseconds of 
color subcarrier reference. Similar to the 
subcarrier burst on the rear porch of the 
video sync, the subcarrier VIR reference 
contains both the phase and amplitude 
information. The phase of the signal is 
exactly the same as the burst. The 
important difference lies in its ampli¬ 
tude and average level. Sitting on a 
pedestal of 70 IRE units, the signal 
swings with a peak-to-peak amplitude 
of 40 IRE units. Sometimes you will see 
286 millivolts associated with the 3.58 
MHz reference. When the 140-IRE unit 
video signal is adjusted for its standard 
1 volt P-P level, 40 IRE units corre¬ 
sponds to 0.2857 volt. The chroma refer¬ 
ence extends to neither the white or 
black signal extremes. Signal compres¬ 
sion common to the sync pulses will not 
affect this reference. The 70 IRE unit 
pedestal and the 40 IRE unit amplitude 
is about the level of flesh tones, so if the 
chroma reference frequency is shifted in 
phase differently from the other video 
frequencies, at least the flesh tones can 
be corrected close to their right values. 

The first of two luminance reference 
levels follows directly after the subcar¬ 
rier reference—12 microseconds of a 
constant 50 IRE unit level. Next is the 
second luminance reference that is also 
12 /is in duration but at 7.5 IRE units. 

The first 50 IRE unit luminance refer¬ 
ence has been selected to line up with 


for monitoring the VIR signal with a 
waveform monitor and vectorscope. 

Using VIR 

The most obvious way of using the 
VIR signal is an open-loop method in 
which an operator sits in front of a 
waveform monitor and vectorscope, 
observes discrepancies in the waveform 
and readjusts the signal to correct the 
VIR. Tektronix has a number of instru¬ 
ments that are ideal for this purpose. 
One type of waveform monitor can be 
adjusted to give a two-field display and 
the sweep magnifier used to examine 
the VIR waveform in detail. Some other 
models such as the model 529 Waveform 
Monitor include selectors that pick out 
the individual lines of a TV picture. 

Manual adjustment of the video 
signal at the TV studio proceeds by first 
setting the luminance gain so that the 50 
and 7.5 IRE unit reference levels are 
correct. Then the blanking level and 
sync amplitude are set. Chrominance 
gain is adjusted next so that the refer¬ 
ence signal is 40 IRE units in amplitude. 
Finally the color burst is corrected so 
that its phase is the same as the VIR 
reference. Note that the first three 
adjustments are made on the total video 


signal using the VIR as the reference, 
and the fourth burst phase setup was 
made only on the color burst. 

The Tektronix model 1441 VIR Signal 
Deleter/Inserter will remove the signal 
appearing on the chosen vertical blank¬ 
ing interval line and replace it with an 
internally generated VIR signal. Anoth¬ 
er mode of operation inserts the VIR 
signal only if none is present on the 
input. Special effects such as fades 
require manual control. The original 
VIR may have to be removed during the 
effect. 

All this leads up to the Tektronix 
model 1440 Automatic Video Corrector 
that makes all the necessary video 
corrections based on the VIR signal. Six 
parameters are automatically corrected: 
master gain, setup, chroma gain, burst 
phase, burst gain, and sync gain. 

Master gain, or video amplification, is 
corrected so that the 50 IRE unit lumi¬ 
nance reference is in the right signal 
proportion. Setup sets the black level 
using the 7.5 IRE reference. The 40 IRE 
unit chrominance signal is used by the 
model 1440 to adjust chrominance 
amplitude. Burst gain is set on the basis 
of the VIR chrominance amplitude. 
This adjustment is important for those 
receivers that have color saturation 
levels proportional to the burst level. 
Burst phase is aligned with the VIR 
chrominance phase. The sync gain 
corrections are important for the sync 
tip clamping used throughout the trans¬ 
mission link as well as the TV sets that 
clamp on sync tips. 

An additional feature of the model 
1440 is an output voltage that drives a 
monitoring device such as a strip 
recorder to give a record of the varia¬ 
tions in the incoming signal. The instru¬ 
ment does other useful functions such as 
clamping to remove 60-Hz hum and 
field-time tilt on the video. Signal 
bounce common to microwave links is 
removed. 

Distortion in the transmitter is a 
source of color problems that cannot be 
open-loop corrected at any point up to 



corrected by negative feedback. 

































the video input to the modulator. Figure 
3 shows an innovative solution to this 
dilemma. A closed loop is formed 
around the transmitter by detecting the 
RF output after modulation! Here the 
model 1440 is used as a precorrector. 
The signal at the input to the transmitter 
is predistorted so that the RF output is 
distortion-free. The effect is analagous 
to a feedback amplifier. The sum of the 
input and feedback signals in the input 
amplifier stage produces error signal. 
The negative feedback signal distorts 
the input in such a way that the output 
distortion is reduced. Vestigial sideband 
demodulation must be done with some¬ 
thing other than an inaccurate diode 
detector. The demodulator must be a 
precision device since its faithful detec¬ 
tion is vital to producing the corrected 
output. 

VIR and the consumer 

Although the VIR system was origi¬ 
nally envisioned to be used by the 
broadcasters, G-E has gone a step 
further and actually built a VIR recog¬ 


A separate VIR module performs the 
functions of the block diagram in Fig. 4. 
The module has 5 IC’s and 30 tran¬ 
sistors and can be completely removed 
for servicing. First the module detects 
the 19th horizontal-line of each video 
field and determines whether a VIR 
signal is present. DC voltages are then 


circuit. 

Some algebraic manipulation shows 
that when the chrominance reference 
level and black reference level have the 
same amplitude at the output of the R- 
Y detector, the chroma-burst phase is 
the same as the VIR reference. 

Based on this principle, the tint 
controller circuit compares the chroma 
detector output and the black reference 
and generates a DC error voltage. As in 
any closed-loop control system, the 
voltage is fed back to control one of the 
signals being compared, in this case the 
chroma phase. Control R53 gives the set 
owner a small range of tint control that 
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REAR VIEW of G-E’s new television receiver containing the VIR module. 


nition system right into their 1977 TV 
receiver line. The G-E VIR Broadcast 
Controlled Color System used in their 
YM 25-inch and some of their YC-2 19- 
inch models make the final corrections 
right in your home. Any problems such 
as differential phase caused by a non¬ 
ideal antenna system are corrected for 
with this system. 

The viewer knows this set is different 
than the others because of the presence 
of a VIR switch and an LED indicator. 
When the switch is flipped to the on 
position and a VIR signal is being 
received, the indicator lights. The auto¬ 
matic circuitry takes over the color func¬ 
tions and the color and tint controls 
on the front-panel of the television 
receiver become inoperative. 


developed for color amplitude and 
phase correction. 

Because of the half-line variation in 
the phase of the two vertical fields, an 
intermediate point between the 4th and 
5th line is located as a timing reference. 
The trigger point is sensed on an inte¬ 
grated vertical-sync waveform. Factory 
adjusted potentiometer R7 (delay adj) 
sets the exact instant of the timing pulse. 
Fifteen more horizontal pulses must be 
counted to get to line 19. A 7493 TTL 4- 
stage binary counter counts from 0000 
to a full count of 1111 (15 counts) that is 
detected by a decoder. 

The VIR sensor circuitry then exam¬ 
ines line 19 to see if the signal is there. 
The tint controller and color controller 
circuits is enabled by the line recognizer 


he can use for his own preference. 

Operation of the color controller 
circuit is very similar. The theory says 
that when the chrominance reference 
level and black level reference are equal 
in amplitude to the blue drive, the 
chroma level is correct. So a similar 
closed loop is constructed using a 
comparator to feed the DC chroma gain 
control circuits. Blue drive is simulated 
from the B-Y demodulator output and a 
signal from the luminance, or Y, video 
amplifier. 

Both the color controller and tint 
controller circuits are switched with 
diodes in response to the output of the 
VIR sensor. The DC control inputs to 
the chroma amplitude and tint circuits 
are switched between the tint control 
and tint controller, and the color control 
and color controller. R-E 
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SERVICE CLINIC 

continued from page 86 


voltage is applied to the heater string. 
This overloads the tubes and usually 
blows at least one. Several of the makers 
who used this circuit now recommend 
modifying it by using a dropping 
resistor in place of the diode. However, 
there are still a few floating around. 

One example of a complex circuit like 
this is the Sears 564.41102100 chassis, 
Sams 1317-2, shown in Fig. 2. This is an 



jinn/i/iAn 

jJVTA/J 


FIG. 2 

all-tube set. Note the heater circuits. 
There are two of them in parallel, both 
of which are fed through diode D6. The 
heater voltage is given as -55 volts, so it 
is evidently read on a DC voltmeter! A 
standard AC voltmeter would probably 
give you a very weird reading since it’s 
calibrated for sinewaves. 

Now we come to the first curious 


thing. If you add up the heater voltages 
of the tubes in the upper string, (two 8’s, 
a 6, a 21 and a 31) you get 74 volts! The 
voltage drop across V12 is shown as 
55-34 volts or 21 volts. This tube is a 
37JS6. The two-winding transformer 
shown there feeds the tubes in the tuner 
from the top winding and the picture 
tube and the high-voltage regulator 
from the lower winding. The DC protec¬ 
tive voltage is applied to this one from 
the +300 volt DC source. All of the 
other tubes are in the lower string with 
the same 55 volts shown across it. 

A novel circuit is used here. Note that 
they have added a series resistor, shunt 
resistor and a filter capacitor to the 55 
volt half-wave rectified DC output. This 
is used to develop a -33 volt DC source 
that is used in the AGC and AFT circuit 
and one other place I never did find. 

One odd problem reported by Max 
Zimmerman of Fairborn, OH, in this 
chassis was that it had a habit of eating 
12AZ7 tubes. This was V19, in the R-Y/ 
B-Y amplifier stage. After much check¬ 
ing, he found that the diode X6 showed 
a normal scope pattern at first (half¬ 
wave humps) but that as it warmed up, 
it began to show a full sinewave output! 
Neither of us have any idea as to why 
V19 was the tube that blew, but it did. 
Replacing diode X6 cleared up the 
problem. 

So, if you run into odd symptoms in 


series-heater-string sets, look for any or 
all of these troubles. Don’t be fooled by 
the AC voltage readings you get on your 
voltmeter. It will not read this voltage 
correctly. I keep forgetting to check for 
this, but I suspect that a DC voltmeter 
won’t read it correctly either! However, 
if the thing works, then the voltages 
must be nearly right no matter what the 
instruments say. This can really be 
confusing. I get a lot of mail about it. If 
you know it’s there and what it does, it 
won’t bother you! Good luck! R-E 

reader 

questions 

SUBSTITUTE FOR UNKNOWN 
TRANSISTOR 

I need a replacement transistor for a 
transistor mike. Can’t find any data on it, 
but the original has the numbers 
C828(S).—C.C., Centreville, VA. 

In quite a few of the import tran¬ 
sistors, the first two digits of a JEIA type 
number are left off. So, this could be a 
“2SC828(S)”. RCA shows a 2SC828S as 
an SK-3122. This is an NPN audio¬ 
transistor in a TO-220 (flat-pack) case. 
If this should be too large, an SK-3122 
is almost the same characteristics and is 
in a TO-92 case, much smaller. 


In any hi-fi system, the one com¬ 
ponent most likely to wear out is 
the phono cartridge. Or more spe¬ 
cifically, the phono stylus. 

While you’re relaxing to your favor¬ 
ite music, the stylus 
is riding miles 
of groove, 
withstanding 
accelerations 
that would black 
out an astronaut. 

Which is why the 
Shibata stylus, used 
on the top models 
of Audio-Technica 



cartridges, is so important. Its shape 
reduces tracking pressure at any 
given tracking force. Even with a 
setting as high as 2 grams it will 
outlast an elliptical stylus tracking 
at a fraction of a gram. Which 
means the good sound 
of Audio-Technica lasts 
Ws&Z longer. And so do your 
ip W records. 

Audio-Technica with a 
Shibata stylus: lower cost 
per record/mile and better 
sound in the bargain! 

k audio-technical 

f INNOVATION / PRECISION / INTEGRITY V+V* 


When you shop for 
better sound ask 
about good 
mileage! 


CORRECTION 

The inventor of the famous Dan- 
Portable Full-Floating Decimal Point 
has struck again! In the June 1976 issue, 
page 64, the yoke-return capacitor in the 
Magnavox T979 chassis should have 
been a 1.0 pF., not a 0.1 pF. It should 
also be a special type, Magnavox Part 
No. 250653-2. This must be a special RF 
high-current carrying type, with poly¬ 
carbonate dielectric. 

Thanks to Gene McLin, Magnavox 
Service Training Manager, and George 
Crouch CET of Ace TV-Electronics, 
Concord, CA, for telling me about this. 
Gene also notes that if this capacitor 
fails, the horizontal-centering control 
and resistor R29 may also be damaged; 
check them. Both suggested replacing 
the D panel with Part No. 703505-11, 
which has the new rated parts in it. 

NO RASTER 

I have plenty of high-voltage and the 
picture tube bias voltages are OK, but I 
have no raster. This is a Zenith 20BC50. 
Resistor R166, 47K 3W, is burning up. I 
have changed tubes, etc., but no help. 
6LB6 cathode current around 275-300 mA 
I’m missing something, but what?—B.T., 
Delta, IA. 

I think that what you’re missing is the 
focus voltage. Without focus voltage the 
raster will not come on. R166 is the one 
feeding the drive pulse to the focus 
rectifier. I would definitely suspect 
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something in this area if it is getting hot. 
Most likely suspect would be a shorted 
focus rectifier. 

HIGH-VOLTAGE PROBLEMS 
/ have too much cathode current on the 
6KD6 in this Admiral 3K16. High voltage 
is quite low and the focus Jumps in and 
out. When I turn the brightness up, the 
focus goes completely out and the high 
voltage drops to about 10 kV.—L.P., 
Oscola, I A. 

From all of these symptoms, plus the 
reaction of the controls. I’d be inclined 
to suspect that the focus bleeder resistor 
is defective. Try this; disconnect the 
high-voltage lead to this bleeder and see 
if the high-voltage jumps back up and 
the current drops to normal. If so, try a 
new bleeder resistor. This one has 
probably broken down internally. (Re¬ 
member that without any focus voltage, 
you will not see a raster! So, don’t be 
alarmed at that. 

VOLUME CONTROL PROBLEM 
There is an odd problem in this 
Magnavox 1FM053 radio. I can't turn the 
volume down enough. In fact, it hardly 
works at all. I’ve replaced the control and 
it does the same thing.—V.S., Dalton, 
PA. 

Simple; the bottom end of the volume 
control is not grounded. A control like 
this is just a variable signal-voltage 
divider. If the bottom (low end) is not 
grounded, the control will have no 
effect. 

Incidentally, this does not have to be 
a DC ground. The bottom of the control 
may be open but grounded for audio 
signals through a capacitor. Trace the 
circuit. 

(Feedback: Found it. Open electro¬ 
lytic capacitor!) 

WHY USE THE SCOPE? 

In response to a question in the June, 
1976 issue, you stressed the importance 
of using an oscilloscope. Can you tell me 
why?—V.F„ Hickory, NC. 

You use a scope in TV servicing 
because it is the ONLY instrument that 
will SHOW you the signal at a given 
point in a circuit. Other instruments will 
tell you only that there is a certain 
voltage (AC or DC) or resistance there. 
What you need to know is whether this 
point has a NORMAL waveform on it. 
This works both ways. In all DC power 
supply circuits, the normal “signal” is 
no signal at all, just a nice straight green 
line. Any kind of signal means trouble 
due to feedback. 

GATE CONTROL SWITCH 
Please recommend a replacement for a 
gate-turn-off switch used in the horizontal 
output stage of an Emerson 11P04. I 
found a couple listed but they were all 
small ones. This is in a TO-3 case.—E.M., 
Washington, DC. 


I fell over this same thing quite a 
while back. Ordered one from the 
factory. They sent me a big TO-3, power 
transistor! I thought that a clerk had 
made a mistake, but then it dawned on 
me that a power transistor was a gate 
turn-off switch! Put it in and it worked 
beautifully. 

Try SK-3115, HEP-740 or any tran¬ 
sistor with similar characteristics. 

SUBSTITUTE FOR 7687 TUBE 
1 need a couple of 7687 tubes for an old 
Sylvania stereo. I’ve checked with the 
maker and these tubes are no longer 
available. I can’t find anything on the 
characteristics either. Can you give me a 


practical substitute? Need help.—R.W., 
Schenectady, NY. 

I thought at first this was going to be 
one of those screw-ball-base types, but it 
isn’t. 

7687 is a triode-pentode with a 6.3- 
volt 0.5-amp heater and transconduc¬ 
tances of 2500/6800 on a 9AE base. 
Similar tubes with this base would be 
6CG8, 6LX8, 6FG7, 6EA8 or 6GH8. All 
of these are in the ballpark as far as the 
transconductance is concerned. Plug-in 
replacements. 

HOT ELECTROLYTIC CAPACITORS 

There are four big can-type electrolytic 
capacitors in this Philco TV. I happened 



• 0.1 % Accuracy for DC Volts 
• Autoranging and Autopolarity 
• Measures Surface and Ambient 
Temperature* 

• Rechargeable NiCd Batteries Included 
• Plug-in Tips for Temperature and Multimeter 
Functions* 


Temperature: -55° to 153.5°C, ±1°C from 0° to 100°C* 

DC Voltage: 1 mV to 750 V, input impedance 1 0 megohms 
AC Voltage: 200 rnV rms to 750 V rms , input impedance 10 megohms 
shunted by 14 pF 

Resistance: 1 ohm to 19.99 megohms 

Both models include ac adaptor/charger, carrying case and operator’s manual. 
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CB Power Supply 

117 VAC/12VDC 
2 AMP Continuous 
5 AMP Surge 


Use your CB Radio, 8-Track 
Tape or other Car Equip¬ 
ment at home. 


Mail $17.95 plus $1.50 
handling charges to: 

CB Division 
P.O. Box 486 

Sturtevant, Wisconsin 53177 


to discover that three of them are running 
very warm, almost hot. The other is cold. 
Could this have anything to do with some 
of the symptoms I have? That is, bad sync 
and a wide floating bar up and down the 
picture. Found a couple of resistors that 
were running very warm and discolored.- 
F.K., Chicago, IL. 

I’d say so, yes! Any electrolytic capa¬ 
citor that runs definitely warm or hot to 
the touch is pretty sure to have excessive 
leakage. However, make sure that this is 
definitely due to internally generated 
heat and not heat radiated from a very 
hot tube close to the capacitor. (Test by 
putting a piece of aluminum foil 
between the tube and the capacitor for a 
heat shield and running the set for 
about 20-30 minutes.) 


or choke. The vertical winding of the 
deflection yoke is also connected to the 
collector of the output transistor. The 
return of this winding is back to the 
+ 12-volt source through a 500 pF elec¬ 
trolytic capacitor. I believe you’ll find 
this capacitor is open. This would leave 
you with a sawtooth signal on the 
collector but no vertical deflection. 
Check the yoke plug and socket too, just 
for luck! 


HORIZONTAL LINE WITH 
WIGGLES? 

/ replaced a blown fuse on this 
Magnavox T941 portable. Turned it on 
and got sound, high voltage, etc. Looked 
at the screen and all I had was a hori¬ 
zontal line with little pulses on it! Some¬ 
thing like a video signal on a scope. 
Everything in the vertical output section 
seems to be OK. What the heck?-J.A., 
Pensacola, FL. 

Check the schematic of the vertical 
output circuit. You’ll find a component 
that looks like a vertical output trans¬ 
former. It isn’t; it’s a vertical output coil 


ONE MORE MARKER 
I’d like to have a 44.0-MHz marker on 
my Heath IG-57A sweep generator for the 
center of the IF passband. Can you tell 
me how to get it?-H.M., Bristol, TN. 

If you insist! You can take one of the 
markers you aren’t using, for example 
the 39.75-MHz crystal, out and install a 
44.0-MHz ciystal in place of it. The 
tuning coils used for all of the IF marker 
oscillators are the same, so this one 
should tune up to 44.0 MHz. Follow the 
directions in the manual for setting the 
amplitude of this marker. 


WHY THE NARROW EYE? 

I’ve been checking some capacitors 
scrounged from junk TV’s with a Heath 
IT-28 capacitor checker. I note that on 
some, the eye-tube won’t open all the 
way. On others, it hardly opens at all. 
Capacitance always checks close to the 
rated value. I checked some capacitors 


Now you can stock only 300 semiconductors 
instead of 112,000. 
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from stock which had been around for 
some years. Same kind of thing. Can you 
explain this?—A.G., Hyattsville, MD. 

From my experience with bridge 
capacitor testers, a “squint” of the eye- 
tube usually means that this capacitor 
has some insulation resistance leakage. 
The wider the eye opening, the better 
the insulation resistance. This may be 
several megohms, or even tens of 
megohms. 

In some uses, such as bypassing, this 
may not hurt. I wouldn’t use a capacitor 
with a narrow eye for a coupling capa¬ 
citor in audio stages, though. Possible 
that just enough DC voltage could leak 
through to upset the grid bias on the 
next stage. 

ALL DC VOLTAGES LOW 

The vertical size and linearity weren’t 
too good on this CTC-25. Had other prob¬ 
lems, too. Finally discovered that all of 
the DC voltages were quite a bit low. 
Changed the diodes in the bridge, and the 
input filter capacitor. Voltages came up to 
normal, stayed there for half an hour and 
then down again! I’m on the wrong track 
some where!—R.Z., Lincoln, NE. 

I wouldn’t say that you’ve been elim¬ 
inating the most likely causes! You just 
haven’t gone far enough along that 
track. From an experience with the 
same kind of thing not long ago, I would 
suggest checking that thermistor in the 


degaussing circuit, and the coil. If this 
thermistor has gone up in hot-resistance 
and the coil is unplugged or open, you 
can get just this kind of problem. Quick- 
check; just hook a short clip-lead across 
the thermistor. If the voltages come up, 
replace thermistor. 

BIAS PROBLEM? 

The 6CZ5 output tubes in this 1960 
Knight amplifier glow red, and burn out. I 
changed the 250-ohm bias resistor in the 
cathodes; same problem. Finally had to 
use a 1000-ohm bias resistor. This works 
at low volume, but there is bad distortion 
if I turn it up. What’s the problem?—P.G., 
Charles City, IA. 

Well, you were in the right place; in 
the bias. It sounds a little obvious to say 
it, but if a tube is red hot, it’s drawing 
too much current. If there are no shorts 
in the output, the problem has to be 
incorrect bias. A 6CZ5 tube with +250 
volts on plate and screen grid should 
have a net bias of — 14 volts on the grid, 
and draw about 45 mA per tube. 

One other good possibility. This could 
cause both problems; heat and distor¬ 
tion. Check for leaky coupling capaci¬ 
tors. This will put too much positive 
voltage on the 6CZ5 control grids. To 
check quickly, pull the 6CZ5’s, turn 
power on and read voltage on grids with 
your VTVM: should be zero. 

continued on page 103 
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With RCA’s SK Series you need 
stock fewer different semiconduc¬ 
tors than you’d have to with any 
other major brand. Because our 300 
devices can replace 112,000. And 
they’re all immediately available. 
OEM Quality. You don’t have to be 
concerned about quality with RCA 
SK’s. They measure up to strict AQL 
Standards to protect you from time- 
wasting callbacks. Lets you make 
more calls. And more profits. 

See your RCA Distributor for a copy 
of the new RCA SK Replacement 
Guide. Or send $1.00toRCA Distrib¬ 
utor and Special Products Division, 
P.O. Box 85, Runnemede, N.J. 
08078. Phone: (609) 779-5735. 
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Gold plated connector 

cables for the perfectionist. 

• Highest degree of electron 
transfer and longevity will 
never corrode or add 
resistance with age. 

• Spring steel strain reliefs. 

• Ultra-low capacitance cables. 

$8.00 per matched pair, 

1 meter length. 

From the people who 
o brought you Discwasher. 

g At audio specialists worldwide. 


§ ( discwasher inc. 

DC Columbia, Mo. 65201 
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DIGITAL MULTIMETERS 

continued from page 47 


inputs should drift (commonly this changes 
with temperature), the voltage measured by 
the single-slope converter changes. With the 
dual-slope converter, drift in the comparator 
trip point does not cause a problem unless it 
happens between the time of the up ramp 
and the down ramp of a conversion cycle. 

The reference signal for both the single 
and the dual-slope converters must be stable. 
To ensure good stability with time and 
temperature, the voltage (or current) refer¬ 
ence source is commonly derived from a 
temperature-compensated Zener diode that 
may have been selected for aging characteris¬ 
tics. This Zener diode normally has a 
constant load impedance, and may be driven 
by a constant-current source. 

The dual-slope converter also has some 
inherent noise rejection capabilities. The 
most common noise problem, apparent when 
making DC measurements, is generated by 
line-frequency signals riding on the DC 
voltage to be measured. Considering the 
single-slope converter, it is possible that noise 
on the input line causes the comparator to 
trip on the sum of the noise and the DC input 
signal or on the difference between them. For 
example, a 0.5-volt DC signal having 0.25 
volt of AC peak noise could cause a measure¬ 
ment as high as 0.75 volt, or one as low as 
0.25 volt. 

The input to a dual-slope converter is 
applied to an integrator. The output voltage 
of the integrator at the end of the ramp-up 
cycle is the average value of the DC signal 
plus any noise which might have been 
present during the integration period. The 
length of the integration cycle is determined 
by the number of counts required to fill and 
overrange the counter and by the frequency 
of the clock. 

The length of this integration is of course 
constant from conversion to conversion 
within the stability of the clock. The average 
value of a sinewave is zero after both the 
positive and negative halves of a cycle are 
complete. The oscillator frequency of most 
dual-slope converters is adjusted to make the 
unknown integration cycle a whole number 
of line frequency cycles. Typically, the inte¬ 
gration time is chosen to be an even multiple 
of the period of one cycle of the line 
frequency (for example, 100 milliseconds 
which is the time required for six cycles at 60 
Hz or five cycles at 50 Hz). 

Integrating six cycles of the interfering 
signal simply improves the technique of aver¬ 
aging sinusodial noise to zero, even with 
slight discrepancies in the integration period. 
This technique, of making the integration 
time equal to an integral number of line 
frequency cycles, gives the dual-slope con¬ 
verter a good immunity to fine frequency 
related noise. The rejection of such signals is 
called “line frequency normal mode rejec- 

Obviously this simple converter needs 
some extra supporting circuitry to create a 
full-fledged voltmeter. The overrange circuits 
are usually sophisticated enough so they are 
not only able to handle the two overranges 
(indicated in the previous explanations) but 
also to handle a third overrange, permitting 
the normal range of the voltmeter to be 0 to 
1999. 

This means a first overrange when the 
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Electronic ignition is "IN"! So says 
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unknown signal is b 
overrange when the 

reduce the integrator to zero in the same time 
allowed the unknown voltage, and a third 
overrange if the reference voltage requires 
twice as long to reduce the integrator to zero 
as as did the unknown voltage to charge the 
integrator. 

A third overrange with a simultaneous, 
detection of zero output from the integrator 
would indicate an unknown voltage twice the 
reference voltage. Some models of voltmeter 
have provisions permitting even greater over- 
range capability. Display ranges of 2999 or 
3999 are available. Such voltmeters simply 
make a trade-off between the voltage swing 
of the integrator for 0 to 1.000 inputs and the 
overrange voltage swing which must be 
permitted if the integrator is to have exten¬ 
sive overrange capability. 

The previously described dual and single¬ 
slope converters have been monopolar—the 
converter only works with unknown signals 
of a single polarity. Most digital voltmeters 
either indicate the necessity for reversing the 
polarity of the unknown signal to display a 
proper reading, or they reverse polarity auto¬ 
matically and indicate the proper polarity of 
the unknown signal with a ± indicator. 
Single-slope converters and some dual-slope 
converters simply employ an additional 
comparator on the input (or at the output of 
the integrator) which detects an improper 
polarity input and indicates it on a display. 
Automatic polarity selection with the dual¬ 
slope converter is usually made by changing 
the polarity of the reference voltage. Signals 
directing the polarity reference source of the 


converter are generated by comparators at 
the output of the integrator. 

To measure unknown signals at or close to 
zero volts effectively, an offset voltage is 
added to the converter. For example, a 1-volt 
full-scale converter might actually measure 
signals from 0.1 volts to 1.1 volts at the 
converter. Thus the dual-slope integrator 
would never have to integrate an input signal 
of less than 0.1 volts. Some dual-slope 

additional cycle in the measurement scheme. 
This additional cycle is completed with zero 
input. As the input during this cycle is known 
to be zero, any reading present at the comple¬ 
tion of the cycle can be used to correct zero- 
offset circuits. Such an additional cycle 
ensures a true zero condition. 

There are many other variations on the 
dual-slope converter. One of the first efforts 
|ivas to remove the switch from the input 
signal entirely, as switches in the input line 
. present a design problem. Mechanical ones, 
such as reed relays, have a definite short life 
span, and long-life semiconductor switches 
have serious temperature problems, in addi¬ 
tion to causing variations when used in 
circuits where voltage and impedance levels 
are not carefully controlled. 

to be continued 
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FERRET" TV MINI-ANALYZER 

FOR FAST STEP-BY-STEP TROUBLE SHOOTING 



GENERATOR SECTION 

CROSS-HATCH 


LINEARITY ADJUSTMENT 

STANDARD FOR VERTICAL AND 
HORIZONTAL POSITIONING, PICTURE 
CONTRAST, IF BANDWITH TEST 


The VHF/UHF section of the Fer 
positive localizing of front end trou 

The crystal controlled digital cii 
and horizontal frequencies. Acct 
may be coupled thru the tuner 
is limited only by the picture i 
volts 50-60HZ. 


iok>l i}atfC 2849 FULTON STREET, BROOKLYN, NY 11207 
PHONE: (212) 827-1500 
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new products 



358Ways 
To Save On 
Instruments, 
Citizens Band, 
Burglar Alarms, 
Automotive & 
Hobby 
Electronics! 

The more you know about 
electronics, the more you’ll 
appreciate EICO. We have a wide 
range of products for you to 
choose from, each designed to 
provide you with the most 
pleasure and quality performance 
for your money. The fact that 
more than 3 million EICO products 
are in use attests to their quality 
and performance. 


“Build-it-Yourself” and save 
up to 50% with our famous 
electronic kits. 


For latest EICO Catalog and name 
of nearest EICO Distributor, check reader 
service card or send 500 for fast first 
class mail service. 

EICO—283 Malta Street, 

Brooklyn, N.Y. 11207 

Leadership in creative electronics 
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More information on new products is available from the 
manufacturers of items identified by a Reader Service num¬ 
ber. Use the Free Information Card following page 106. 


INTEGRATED AMPLIFIER, model 7250, delivers 
125 watts minimum continuous power per 
channel with both channels driven, covering a 
power bandwidth of 20 Hz to 120 kHz. It is rated 
at no more than 0.1% total harmonic distortion 
with an 8-ohm load. 



The model 1250 features a separate record 
mode selector for 2 tape recorders. This 
enables the user to select a different source for 
each tape recording, even while listening to a 
third program source. Special circuitry enables 
the user to monitor the quality of those record¬ 
ings. In addition, the front panel contains 
detected slide-graphic controls for bass, mid¬ 
range and treble. This provides the user with 
selectable frequency turnover points. 

The model 1250 is equipped with inputs for 
stereo microphones, two turntables, a tuner, 
and two auxiliary stereo sources — Marantz Co., 
Inc., 8150 Vineland Ave., Sun Valley, CA 
91352. 
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FREQUENCY COUNTER, model FM-7. is a 
miniature battery-powered test instrument. The 
unit measures only 1.9 x 2.7 x 4 inches and 
will monitor frequencies from 10 Hz to 60 MHz 
and display that frequency to seven digits using 
0.25-inch high LED's. Input sensitivity is 30 
millivolts RMS from 50 Hz to 30 MHz, and 100 
millivolts RMS from 10 Hz to 60 MHz with a 1- 
megohm input impedance. It has an input signal 
overload capability of up to 250 volts RMS at 
500 kHz. 



Resolution is 1-Hz below 10 MHz and 10-Hz 
from 10 MHz to 60 MHz. The internal timebase 
has an aging rate of less than 10 PPM from 0°C 
to + 40°C. The unit operates on self-contained 


type-AA NiCad rechargeable batteries. The 
batteries and charger unit are furnished with the 
frequency meter. The meter can be operated 
continuously for two hours on a fourteen-hour 
recharge. Options include a panel-mount 
flange, a tilt stand and a leather case. Price: 
$195.00—Non Linear Systems, Inc., P.O. Box N. 
Del Mar, CA 92014. 
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SPEAKER SYSTEMS, mode! EPI 70 and EPI 
120, features 1-inch air-spring tweeters with a 
crossover frequency of 1800 Hz. 

The model EPI 70 is a bookshelf model using 
a long-traverse 6-inch woofer, plus tweeter. The 
frequency response is 60 to 20,000 Hz with a 
recommended RMS power range of 10 to 80 
watts. Measures 16 x 10V2 x 7'/2 inches and 
weighs 17'/2 pounds. 



The model EP1120 is a floor/bookshelf model 
featuring a 10-inch woofer plus tweeter. 
Frequency response is 38 to 20,000 Hz, ± 3 dB, 
with a recommended RMS power range of 25 to 
80 watts. Measures 25 x 15 x 12’/2 inches and 
weighs 47 pounds. 

Both models are finished in wood-grain vinyl 
with bronze trim, and have acoustically trans¬ 
parent matte-black foam grilles. The model EPI 
70 is priced at $139.90 per matched pair and the 
EPI 120 sells for $139.95 each.-Epicure 
Products, Inc., 1 Charles Street, Newburyport, 
MA 01950. 
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POWER AMPLIFIER, model 620, features a radi¬ 
cally new circuit refered to as a “Tetra-Linear 
Differential Amplifier”. It is a pure Class-B 
design that virtually eliminates crossover and 
switching distortions found in all popular class 
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A-B power amplifiers. This results in a barely 
measureable total harmonic and intermodula¬ 
tion distortion figures that are an entire order of 
magnitude lower than those of most high-quality 
preamplifiers at all power levels right up to and 
beyond its rated maximum output of 100-watts- 
per-channel. 



The new circuit design also increases temper¬ 
ature stability and efficiency. The idling current 
of the model 620 is 1 /25 that of other power 
amplifiers of comparable output ratings. The 
amplifier is reportedly stable into all types of 
loads, including reactive loads. Protection of the 
output transistors and loudspeakers is ac¬ 
complished without the use of relays or current- 
limiting devices. Short-circuiting the outputs will 
not cause any damage. 

Specifications include: power output at less 
than 0.01% THD of 100 watts-per-channel from 
5 Hz to 20,000 Hz, both channels driven into 8 
ohm loads; damping factor of greater than 100 
at 1-kHz into an 8-ohm load, total harmonic 
distortion is less than 0.002% at any frequency 
up to 1 kHz and less than 0.005% at any 
frequency up to 10 kHz; intermodulation distor¬ 
tion is less than 0.002% into an 8-ohm load with 
a 100-watt output; frequency response is 5 Hz to 
100,000-Hz +0-dB, -1-dB; input impedance is 
10,000 ohms and input sensitivity is 1 volt. The 
residual noise ratio is better than 117-dB with A- 
weighting. 

The front-panel features peak-indicating 


lamps that are integrated into the heat-sink fins. 
These lamps may be programmed with rear 
panel switches to light green at 1, 5, or 25 watts 
and red at 25, 50 watts or clipping. The lamps 
indicate the true preset peak value at any 
frequency. 

Th e model 620, measures 15% x 6% x 9%- 
inches and weighs 27.6 pounds. Price: 
$600.00—Nakamichi Research (U.S.A.), Inc., 
220 Westbury Ave., Carle Place, NY 11514. 
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MOBILE CB ANTENNAS, model CA-10 and CA- 
20. The Trunk-Lid model CA-10 is a base-loaded 



unit that attaches to the trunk-lid without the 
need for screws or drilling. It features a neutral- 



EVERY DEALER 


_ NEEDS A 

Level :;: : 


INSTANT TV SIGNAL INDICATOR 


Levelite is not just a new product, it's 
a great new patented profit maker for 
distributors. About the size of a pocket 
calculator, it is invaluable for trouble¬ 
shooting TV antenna and MATV sys¬ 
tems. Every dealer will want to carry 
one with him on service calls, so he can 
instantly isolate the trouble either to the 
set or the antenna. 

Jerrold is advertising the new Leve¬ 
lite heavily in dealer magazines. Be 
sure you stock it and display it. 

JERROLD |Bj 

^ Horsham, Pa.19044« (215) 674-4800 j 
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Get More from Your 
Car with a Mark 10 

System. 


The best-selling CDI system of its kind in 
the world— now at discount prices! 

Would you like more power? Better 
And could you stand to eliminate 3 out 
of those expensive tune-ups? Well, that’s 
what the MARK 10 capacitive discharge 
electronic ignition system is all about. Very 
simply, it boosts the spark to your engine— 
promoting better combustion, and minimizing 
combustion contaminants. Spark plug 
life is extended, all-weather starts 
are insured, and you can feel an increase 
in acceleration and overall engine 
performance —no matter what kind of 
car you drive. Learn more about a 
MARK 10 CDI system for your car (and 
take advantage of year-end discount prices), 
when you write today for a catalog and price list. 


DELTA PRODUCTS, INC. 


P.O. Box 1147, Dept. RE 
Grand Junction, CO 81501 
(303) 242-9000 

I want to know more about Mark Ten CDI's. 
Send me complete no-nonsense information on 
how they can improve the performance of my car. 
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CB Secret Antenna 

• CONVERTS YOUR • EASY-TO DO IT Limited 

CAR RADIO YOURSELF _ 

ANTENNA INSTALLATION ^ 

TO A cb ^ _ _ _ V# yrs 

an°ten e na- $13.95 wars?;:* 

ANTENNA replaced for 5 yrs 

For 

faster 

service 

MONEY BACK GUARANTEE 

• HELPS STOP THEFT jLs 

eluding windshields Bl «| «Tr : 

ORDER TODAY \\ // / 

Sandia Sales \V \V/ J J 

235 K Robbins Lane - 'yC J / 

Syosset, N.Y. 11791 ^ - 

□ Please rush me 1 CB Secret Antenna at the purchase price of $13.95 plus 90C 
for Shipping & Handling 

Enclosed is □ Check or □ Money Order for $ 

USE 

ZIP 

CODE 

on 

all 

Sorry No C.O.D.'s (N.Y. Residents Add Sales Tax) 

Address 

mail 

ri(u Q( , 71 

V " * J 
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Some of the best TV repair tools you 
can buy come in cans. ^ 


Meet the proven, 
dependable line of elec¬ 
tronic spray chemicals from RCA. 
At the head is Big Red, the concentrated 
spray foam that cleans, polishes and lubri¬ 
cates tuner contacts with no drift or detuning 
after-effects. 

Next in line: our Heavy Duty Control Cleaner and 
Lubricant that's safe for plastics; our Tuner Cleaner 
Lubricant: our instant-cooling Circuit Chiller; and our non¬ 
flammable Relay and Contact Cleaner. 

All are necessary tools from RCA, the name electronic techni¬ 
cians rely on for quality and work-saving dependability. To do the 
best job, you've got to use the best tools: RCA Deluxe Electronic Spray 
Chemicals. See your RCA Spray Chemical Distributor or, for additional information, 
contact RCA Distributor and Special Products Division, Sales Promotion 
Services, Bldg. 206-2, Cherry Hill, N.J. 08101. 


I1CJ1 


Distributor and 
Special Products Division 


grey coil housing that will blend with the color of 
any vehicle and has a chromed base and spring 
that seats on a rubber base cushion. The overall 
length is 45 inches and the unit is equipped with 
15 feet of coaxial-cable terminated in a standard 
PL-259 connector. 

The Gutter-Clip model CA-20 features a 
center-loaded whip that attaches directly to the 
rain gutter of any car, truck or recreational 
vehicle without the need for drilling or screws. 
The antenna is only 21-inches high and features 
a tunable stainless steel whip, a 9-foot coaxial 
cable terminated with a PL-259 standard coaxial 
connector. 

The model CA-20 is priced at $19.95 and the 
model CA-10 at $24.95.-EICO Electronic 
Instrument Co., Inc., 283 Malta St., Brooklyn, 
NY 11207. 
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CB ANTENNA, Long Gainer, is a tunable base- 
loaded stainless-steel antenna that can be easily 
adjusted to cover all channels across the band. 
A frequency adjustment screw is provided that 
brings in the desired channel clearly. It also has 
the capability of tuning in all the new channels 
as they become available. 



BETTER 
THAN A 
THIRD HAND! 


PANAVISE TILTS, TURNS, AND 
ROTATES TO ANY POSITION. 

IT HOLDS YOUR WORK 
EXACTLY WHERE YOU WANT IT. 
PanaVise has great strength yet is gentle 
enough to firmly hold delicate objects. 
Quite possibly the finest new tool 
you will buy this year, PanaVise is 
built to exacting professional 
standards. We guarantee it! 
Illustrated is the Electronics Vise 
Model 396. Three other bases and 
a wide variety of heads are avail¬ 
able. All interchange! Buy a basic 
unit, then add on to create your 
system. 


Available through your dealer. 
Write for a tree catalog. 




In Canada: 25 Toro Rd., Downsview, Ont. M3J 2A6 


H 


A Division of Colbert Industries 


96 


CIRCLE 15 ON FREE INFORMATION CARD 
























EXECUTIVE 

DIGITAL ALARM CLOCK 
KIT-ONLY $29.95 



FAMOUS MAKE-LIMITED QUANTITY 
AVAILABLE 
ALL Parts Included 
FEATURES 
— Delux Ivory Case 
— 24 Hr. Alarm Set 
— Easy To Read V*" LED’S 
— AM /PM Indication 
Send Check Or Money Order To- 




i 




■r 24 years of service tothe world’s finest 
craftsmen and technicians. 

A carefully selected and tested assortment 
of unique, hard-to-find tools, clever 
gadgets, precision instruments, bargain 
kits. One-stop shopping for the technician, 
craftsman, hobbyist, lab specialist, 
production supervisor. Many tools and 
measuring instruments available nowhere 
else. One of the most unusual and complete 
Get your copy of 




\ COMPLETE SYSTEM FOR ONLY $459.00 IN 
$709.00 ASSEMBLED & TESTED 


VERSATILITY 


THE 


VERAS F8 COMPUTER ^ 


THE BEST DESIGNED COMPUTER 
FOR THE LOWEST DOLLAR COST 
ON THE MARKET TODAY 

THE CPU BOARD FEATURES: 






VERAS SYSTEMS^ 


T,NY 5K ££g (AVaIlAB^! S E S K 

JACKAGING FEATUREL 
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WANTTOHOOKUP 
ACIRCUIT QUICK? 


The PB-100 is only one of our 
family of solderless Proto-Board 
breadboarding units, designed to 
help you assemble, test and modify 
circuits as fast as you can push in or 
pull out a lead. Preassembled 
sockets with durable 5-point 
terminals provide low-resistance 
interconnections you can arrange 
and re-arrange at will. 

Resistors, capacitors, transistors, 
DIP’S, TO-5‘s, LED's etc. plug in 
without damage to leads. And 
jumper connections, where required, 
are lengths of #22 AWG solid wire. 
Models from 630 to 3060 tie-point 
(6 to 32 14-pin DIP) capacity 
available. For more information, see 
your CSC dealer, or write for our 
catalog and distributor list. 



Proto-Board® 100. 760 solderless 
tie-points. Kit, $19.95* 


CONTINENTAL SPECIALTIES CORPORATION 


EASY DOES IT 
44 Kendall Street. Box 1942 

New Haven. CT 06509 • 203-624-3103 TWX: 710-465-1227 
West Coast office: Box 7809, San Francisco. CA 
94119 • 415-421-8872 TWX: 910-372-7992 
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.... OR" precisely triggers a Heavy-Duty "POWI 
MODULE” that BOTH "Charges and Fires” the Igni 
with the "FASTEST” High Voltage RISE TIME, producing the 
MAXIMUM "HIGHEST ENERGY" SPARK available. 

* Since there is NO Mechanical Friction, there are NO Parts to 
ever WEAR or need replacing, and ONCE properly Timed, it 
should NEVER need any Maintenance! DWELL never needs 
adjustment, it is PRE-SET to supply the OPTIMUM Perfor¬ 
mance at BOTH High and Low Speeds. The RPM Capability 
of the "XR-700" is Factory Tested to 15,000 RPM. 

* The "High-Energy” SPARK INTENSITY and DURATION... 

permits the Positive FIRING of Spark-Plugs, even under the 
MOST ADVERSE conditions, results in more COMPLETE 
COMBUSTION and Elimina "" . 


“XR-700"...Designed for those who want the BEST 
‘ in Performance, Gas Mileage, Quicker Starting, 
Eliminate frequent Tune-Ups and Maintenance Costs. 

FACTORY-BACKED 
10-YEAR WARRANTY. 


Only S{jg95 

COMPLETE 


ep Plugs FROM 
FOULING, which greatly extends the Spark-Plug LIFE! 

Only the Highest Grade (U.S. Made) Solid-State Compo¬ 
nents are used... UN AFFECTED by Moisture or Vibration! The 
Allison "XR-700" was engineered to OUTLAST the LIFE OF 
YOUR CAR! 

* “EASY-TO-FOLLOW” INSTALLATION. 

(Not Necessary to Dismantle your Distr' 


ift ORDER WITH CONFIDENCE.. 

Remember, even if you PAY 
Three Times as much, you 
cannot get a better Ignition 
System than the ''XR-700"! 

■i(E SAVE! ORDER FACTORY DIRECT. 

Send Check or M.O., Car Make, Year, No. Cyl, (4,6, or 8-Cyl. 

* You may use your MASTER CHARGE or BANKAMERICARD. 

Send us (1) Your Number, (2) Interbank No., (3) Exp. Date. 

* MC or BA Card Holders, ORDER by TOLL FREE PHONE: 


If you have already installed a ''Capacitive-Discharge” Ignition.. 

intprfprpnrp I * Con,ert Your “ C -°" Unit,0 BREAKERLESS! 

Noise) Interference. | | NCREASE | TS EFFICIENCY with “XR-CD”...Only $34.95 
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CASSETTE DECK, model CG-362, is front 
loading and has three motors and full digital 1C 
logic controls. Also featured Is a digital tape 
counter, auto-stop, tape-flow control, remote 
control possibilities, input mixing and three 
position replay program selector. 

The model CG-362 incorporates Dolby noise 
reduction and DNL. There's a switchable multi¬ 
plex filter that’s important when dubbing from 
FM Stereo and disconnectable when dubbing 
from records. Automatic bias and EQ is avail¬ 
able and there is a 3-position switch for setting 
three types of tape—ferric oxide or ferrichrome. 
RCA-type input and output connectors are 
included as well as DIN connectors. 



Frequency response is 20 Hz to 18,000 Hz, 
wow-and-flutter is less than 0.15% RMS and the 
signal-to-noise ratio is better than 68 dB with 
chrome tape and Dolby. 

The output of the model CG-362 is 0.5 watts 
4-ohms and is ideal for driving Philips' type 
motional feedback speakers — Uher Of America, 
621, S. Hindry Ave„ Inglewood, CA 90301. 
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VHF SCANNER, model SBE-11SM. is a super¬ 
sensitive, ultra-compact VHF scanner monitor 
with exceptionally low current-drain. The scan¬ 
ner receiver is called the Pocket Sentinel 
because it fits neatly inside a shirt pocket. 

The unit delivers a full 100-mW audio output 
with only 0.08-amps power consumption. Sensi¬ 
tivity is 0.7/iV tor 12-dB SINAB. Adjacent 
channel rejection is - 55 dB. 
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FREE 


alarm catalog 

over 900 
systems, 
detectors, 
controls, 
sounders, 
tools, locks, 
supplies 
TO PROTECT HOMES, 
BUSINESSES, INDUSTRY 

Huge selection of hard-to-find security 
equipment from stock. 64 fact-filled pages 
loaded with 100’s of highest quality profes¬ 
sional alarm products, technical notes, 
diagrams. 



ONE-STOP SUPERMARKET 
SELECTION INCLUDES: 


ultrasonics, radar, infrared, undercarpet 
mats, magnetic contacts, smoke & heat de¬ 
tectors; Controls; Alarms: bells, sirens, 
phone dialers, lights, guard panels. Large 
selection of tools, relays, wire, holdup 
alarms, books. Fills need for industry, alarm 
cos., businesses, homes, institutions. Order 
your copy today. (Outside U.S., send $1.00.) 




mountain west alarm 
4215 n. 16th st. 
phoenix, az. 85016 
(602) 263-8831 
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channels, an earphone jack and a built-in 
charger jack for use with an optional SBE-5AC 
charger for nicad batteries. The unit measures 
6.5 high x 2.75 wide x 1.38-inches deep and 
weighs 12.5 ounces with batteries —SBE, Inc., 
Department P, 220 Airport Blvd., Watsonville, 
CA 95076. 
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CB MOUNTING BRACKET, model 14T170, 
provides quick removal and reinstallation of CB 
transceivers to prevent theft or unauthorized 
use of such equipment during the operator's 
absence. The adaptor permits quick-release 
brackets to be mounted either under-the-dash- 
board of the automobile or on the vehicle’s 
floor. Connections between the transceiver and 
the power source are made with spring-loaded 
brass contacts. The antenna circuit includes a 
shielded connector for coaxial cable. 



A separate dash-mount section —model 
14T171 —is also available for installation of a 
single transceiver unit in a second vehicle, 
providing a convenient transfer from one oper¬ 
ating location to another—RCA, Distributor and 
Special Products Division, Cherry Hill Offices, 
Camden. NJ 08101. 

CIRCLE 101 ON FREE INFORMATION CARD 


SUPER SIGNAL SOURCE! 



L-15 PULSE-SWEEP FUNCTION GENERATOR 


*55 kit75assembled (+$2.00 P&H) 

FOR: Designers, Service Techs, anyone 
working with electronics! 

FEATURES: 1 Hz to 10OKHz in 5 ranges, at 
constant amplitude • Sine and triangle ad¬ 
justable to 20vp-p into 600 ohms • Sine 
distortion is .5% typical • Voltage control¬ 
led sweep of sine and triangle waves • TTL 
square wave has a fully adjustable pulse 
and drives 600 ohms • Frequencies of 
lower than 1 Hz and greater than 10OKHz 
are obtainable • short proof and guaran¬ 
teed for 1 full year • Small, only 3" H x 
6'A" W x 4" D • State-of-the-art design! 

DEALER INQUIRIES INVITED 

HELECTRONIX 

8100 St. Clair Ave. 

N. Hollywood, CA 91605 

(213) 767-5624 
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□ !i F ' IK 3" 

—J110 TV DEFLECTION YOKE ^95 


□« 


GE NI-CAD 

RECHARGEABLE BATTERIES 

CHARGER t ANY 2 BATTERIES J12.95 

2-AA BATTERIES.$5.95 Pair 

2-C BATTERIES.$6.25 Pair 

2-D BATTERIES. 


.... $6.50 Pi 
1000 Recharges guaranteed 


2 “ 


90 FLYBACK TRANSFORMER all £95 
^‘ flyback TRANSFORMER foi 
a'^OEFUCTION'YOKE for "aii"' 

OLYMPIC 4 SHARP FLYBACK .. 

2 “ 

90 COLOR YOKE For all Rectangular J95 

70 COLORE YOKE F„, ui: ,„„ml ™:,.r jjff 
OELMONICj^NIVICO COLOR FLYBACK y95 

. NER = 470-V- J99 

UNER (12DT8 J00 
Type Used in £95 

1SIST0R TYPE J95 

lei « 94C393-1 
*T94C441-3 y95 

795 

9* 

" r 

2 « 


R TRANSISTOR 

|—| agliv. HEP 707 . . . List price £29 

TACHOMETER 2V’ So. Panel Meter 1 - 

□ ooo 

,mc mono I I M L 

□ i;^^pL|-2M l otos Mi . l ''..':. it . h 2" 

|—11-VARC0^STEREO CARTRIDGE Model 295 
|—j2-ELECTR0LYTIC CONDENSERS -u joo 
|““| 2—ELECTROLYTIC C0ND 200/30, 4- joo 
|~13-ELECTR0LYTIC qOND loo mfd - joo 
[—12-aECTR0LyiC C0ND 40 mid- JOO 

□ 8-MINI PILOT BULBS With 8" Leads- 100 

□ 8-MINI PILOT BULBS With 12" 100 
|—J3Z-JKT PROD WIRE DELUXE QUALITY JOO 

j—11-COLOR POWER TRANSFORMER :: g 9 5 

|—| 2-Colorburst Quartz-Crystal For most J89 
|—J 5 ASST GL0BAR VARISTOT^pular JOO 
|—| C(kORFh( e, RECT r nER-Used in most J 95 
j—j 4-TV ALIGNMENT TOOLS m JOO 

J—14-TV ALIGNMENT TOOLS For Color J49 
[—| 6-TV COLOR ALIGNMENT TOOLS Most £79 

j—1« TYYIN LEAD N ,.. , . JOO 

[—| CO-AX MBLE RG59U (Black) 25o -sin. £69 


MARKET SCOOP COLUMN 

ZENITH SIUC0N STICK RECTIFIER. 

□ PART #103-215-45K PIV, also used C95 
in Electrohome, Motorola, E.D.I. J 

J—J 3-ZEWITH VIDEO AMPLIFIER PART 200 
|— 1 2-SILICON ^NPN^ TRANSISTOR HEP- JOO 

|—| j s -smcoji Ep npjTtransistor joo 

|—J 5-ZENIER DIODE i \ ;:: \ l JOO 
^ J-^STD.pPHILC0 SWITCHES-PUSH- ^ 

Q COLOR DELAY LINE ! t J69 

Silicon NPN HV TRANSISTOR RCA 

□ SK-I'fJl H• • ( ■ -' 1'i K< \ Sk-."0> 100 

Hep-241. lea. 

Transistor Specials-Your Choice 

j—j SK3006, SK3018. SK3020. SK3122. JOO 


= BUIE 1 LaFerAL^ MagneTtesY 
j—] COLOR CONVERGENCE Assy. 

7 TUBE AM FM STEREO AMPLIFIER 

CHASSIS. Completely assembled- 

□ SnUtu ® ' h ’"""‘V* 

|—j 10-MINI ELECTROLYTIC Com) For JOO 
[—] TUBE S |>ECI^^N W1S W°5 2CY5- £50 

IMMEDIATE DELIVERY . . . Scientific light 
HANDY WAY TO ORDER . . . Send check 0 

Please specify refund on shipping _ _ 

BROOKS RADIO & TV CORP-, 529 Columbus Ave., New York, N.Y. 10024 


□ s*r^r c "“ i 17* 

[—[ 5-Audio Output TRANSFORM Sul. min JOO 
|~| W-LMI TRANSFORMERS 456-kr for JOO 
j— 1 6" UNIVERSAL SPEAKER Top quality J59 

□ 10"—UNIVERSAL SPEAKER Large J9S 
Magnet-Top quality *» 

□ 8" UNIVERSAL SPEAKER-I.arge Mag- 099 

net-Speeial Buy. 

|— ] 2*/ri4" SPEAKER Special Buy Wfor gg, 

4"l6" “QUAM” 16 OHM SPK. I.»re> 

□ ,« ' I” 

|—JV'-HEAW DUTY 10 0Z. SPEAKER g95 

□SE£"nV sp “ ke, 5 M 

|—j 3-ELECTRW.YTIC CONDENSERS. 100/ 200 
ZENITH TRIPLER PART #212-109 

I I ffiOOpT. 6 "*.. 10 ECr ’ 5 " 1 ° 3" 



□ iooImz hh NUR WS j " <I 

nvmtsss?* 

□ M 2 H 7 aMr Sa " d 

□ KM EWSa9d 

□ 100-ASST S/40 SCREWS and 
100-5/50 HEX RUTS 
|— j500-ASSORTED RIVETS most use: 
[~1 100-ASST RUBBER BUMPERS fur , . 

|——| 100-Asst RUBBER GROMMETS 

□ 10-ASST SLIDE SWITCHES SPST. 

SPOT. DPDT. etc. 

|—| 15-ASST. ROTARY SWITCHES Al 

I_I lar types-$20 value 


| r g m OT^ d ^e d irt e dMi^Tn g CHtcK □POSTAGE STAMPS □ MERCHANDISE (our choice) with advantage to customer 
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A PRIME STANDARD 
AT YOUR FINGERTIPS 
























meters, plugs & jacks, potentiometers, relays, 
resistors, semiconductors, switches, test equip¬ 
ment, soldering equipment, tools, transformers 
and wire. Prices are included.—Mouser Elec¬ 
tronics, 11511 Woodside Ave., Lakeside, CA 
92040 
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SOLDERING EQUIPMENT CATALOG, No. 76, 

features a full line of soldering and desoldering 
equipment for electronic service, industrial, 
craft and military users. Included are soldering 
irons, desoldering irons, kits and a desoldering 
head that converts a soldering iron into a desol¬ 
dering iron. Also shown are tips, desoldering 
bulbs, and soldering-tool stands. 

All irons feature a safety light that tells when 
it’s on; a cool, unbreakable polycarbonate 
handle; and a flexible, burn-resistant Neoprene 
cord set. Soldering irons provide two heats— 
40W and 20W—to handle a wider range of work. 
Desoldering irons operate at 40W; idle at 20W 
for longer tip life. An exclusive bracket insures 
alignment and prevents damage. Prices are 
included —Enterprise Development Corp., 5137 
East 65th Street, Indianapolis, IN 46220 
CIRCLE 104 ON FREE INFORMATION CARD 


LEARN QUICKLY-EASILY-AT HOME 
Only I.H.S.I. offers these unique 
correspondence courses 
MATHEMATICS ■ ELECTRONICS ■ 

ENGINEERING MATHEMATICS ■ ADVANCED MATHEMATICS ■ 
ADVANCED ENGINEERING MATHEMATICS ■ 


These unusual courses are the result of many years of research and 
teaching by the President of INDIANA HOME STUDY INSTITUTE, who 
has personally lectured in the classroom to thousands from all walks 
of life on mathematics, electrical and electronic engineering. 

• You must see these lessons to appreciate them! 

• NOW you can master mathematics and electronics and ac¬ 
tually enjoy doing it! 

• WE ARE THIS SURE:-you order your lessons on a money- 
back guarantee. 

• In plain language, if you aren’t satisfied you don’t pay a cent. 


IGNITION SYSTEMS. Four-color illustrated 
booklet describes a full line of electronic ignition 
systems. The systems are designed to improve 
engine performance for the broad variety of 
people who have yet to purchase 1975-76 model 

Among the benefits claimed by the Mark 10 
systems are the elimination of 3-out-of-4 regular 
engine tune-ups, up to 20% improvement in gas 
mileage, better acceleration and quicker starts. 
The systems (some of which are available in kit 
form), install easily in a matter of minutes.— 
Delta Products, Inc., P.O. Box 1147, Grand 
Junction, CO 81501. 
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Senturion Ultimate 

Long Range Radar Detector 

NEW'. 

aiBSlBH now only 

J8«« 


SENTURION - 12 Volts Powerful 

Safe professional drivers require the ulti¬ 
mate in advance notice of radar traffic 
control zones — computer designed an¬ 
tenna-integrated circuitry — audible and 
visual warning — operates off your car's 
electrical system. Send check, C.O.D. or 
charge to my credit card as indicated. 


10 Day Money Back Guarantee 
RADATRON CORP. D A( 

Dept. 2424-49 P.O. Box 177 □ C> 
N. Tonawanda, N.Y. 14120 □ Dl 
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There are no strings attached. 

WRITE TODAY for more information and your outline of Courses. You 
have everything to gain and nothing to lose! 

LICENSED BY THE STATE BOARD OF INDEPENDENT POST-SECON¬ 
DARY VOCATIONAL, TECHNICAL, TRADE AND BUSINESS SCHOOLS. 

THE INDIANA HOME STUDY INSTITUTE 
EASTERN DIVISION 
P.O. BOX 1189 
PANAMA CITY, FLA. 32401 
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This versatile mini breadboard features the same superior contacts, materials and 
construction we use in our full-scale ACE All Circuit Evaluators. Any solid hookup 
wire up to #20 plugs right in to connect DIPs, discretes and almost any components 
you have on hand. Super-Strip gives you 128 separate five-tie-point terminals in the 
circuit building matrix and 8 power and signal distribution lines — enough capacity 
to build circuits with as many as nine 14-pin DIPS. And when you’re done with your 
hookup, just pull it apart — everything's as good as new. Super-Strips come with 
your choice of nickel-silver or gold-plated terminals. Plus an instant-mount backing 
and quick-removal screws for fast and easy stacking or racking. Heard enough? 
Then stop looking and start cooking with A P Products Super-Strips. 

For quick phone service, 
call the A P distributor nearest you: 


Part 

Number 

Model 

Number 

Terminal 

Type 

Price 

Each 

923252 

923748 

SS-2 

SS-1 

nickel-silver 

gold-plated 

$17.00 

$18.90 


(201) 224-8032 (513) 236-9900 

(206) 682-5025 (516) 483-9200 

(213) 768-3800 (516) 883-0999 


(213) 875- 

(215) 698- 

(216) 441-3000 
(216) 587-3600 

(312) 298-8580 

(313) 525-1800 

(314) 863-7800 
(412) 782-2300 


AP PRODUCTS INCORPORATED 

Box 110-RPainesville, OH 44077 (216) 354-2101 TWX: 810-425-2250 


(602) 277-7661 
612) 488-0201 
(617) 273-1860 
(617) 879-0860 
(713) 350-6771 

(713) 777-1666 

(714) 549-8611 
(714) 560-0515 

») aea-azw (803) 253-5333 

r Distributor List is growing daily. 
If none in your area call 
toll Free 800-321-9668. 
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INTERNATIONAL FM 2400CH 



FREQUENCY MEIER 
fortesting 
mobile 
transmitters 
and receivers 

■ Tests Predetermined 
Frequencies 
25 to 1000 MHz 

■ Extended Range Covers 
950 MHz Band 

■ Pin Diode Attenuator for 
Full Range Coverage 
as Signal Generator 

■ Measures FM Deviation 


The FM-2400CH provides an accurate frequency 
standard for testing and adjustment of mobile 
transmitters and receivers at predetermined 
frequencies. 

The FM-2400CH with its extended range covers 
25 to 1000 MHz. The frequencies can be those 
of the radio frequency channels of operation 
and/or the intermediate frequencies of the re¬ 
ceiver between 5 MHz and 40 MHz. 

Frequency Stability: ±.0005% f rom+50°to + 104°F. 

Frequency stability with built-in thermometer 
and temperature corrected charts: ± .00025% from 
+25° to +125° (.000125% special 450 MHz crystals 
available). 

Self-contained in small portable case. Complete 
solid state circuitry. Rechargeable batteries. 


FM-2400CH (meter only).$595.00 

RF crystals (with temperature correction) ... 24.00 ea. 

RF crystals (less temperature correction)_ 18.00 ea. 

IF crystals.catalog price 



International Crystal Manufacturing Company. Inc. 
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nent month 


DECEMBER 1976 


■ Projection TV Is Here Now 

See the systems, the prices, how they 
work. You may have been looking to buy 
one, but did you know that there are 
more than 25 to choose from? 


■ TV Games 

Bad programming may give way to game 
boards on the TV screen as a new and 
growing competitor. Radio-Electronics 
looks at all the games you can buy and 
use now. 


■ Installing A CB Rig 

It isn't difficult if you have a guide. This 
story shows you how to do the job, in 
step-by-step detail, to help you do it 
right. 


■ Noise Measurements In Audio 

Careful testing is a must in this land of 
almost unmeasurables. Len Feldman 
shows how it’s done and what to look 
for. 


■ Expand A Calculator 

We show how to take a common Novus 
calculator and add extra buttons and 
functions to the unit. Upgrade your 
calculator in December. 


PLUS 

Jack Darr’s Service Clinic 
More On Digital Multimeters 
Two Hi-Fi Lab Tested Reports 
Anti-Theft Circuits 
Reader Questions and Solutions 


























READER QUESTIONS 

continued from page 91 


SINGLE CHANNEL ATTENUATION 
/ need a filter that will attenuate a single TV channel without 
affecting adjacent channels. Channel 3 is a very strong signal in 
my area and it laps over into Channel 2 and Channel 4. Is there 
such a filter?—W.M., Janesville, Wl. 

Yes. Jerrold, Blonder-Tongue, J.W. Miller and others make 
single-channel traps that tune sharply from 40 to 80 MHz. 
This would cover Channel 3, which is 60 to 66 MHz. 

You migh t try the little RCA trap which is just a 4.5-inch 
length of 300 ohm twin-lead. Short one end and tie a ceramic 
trimmer capacitor (3—15 pF) across the other. Tape this 
tightly to your lead-in as close to the antenna terminals as 
possible. Now, tune for least interference on either Channel 2 
or 4. If one of these helps but doesn’t cure it, make up another 
one and try it as close to the first as possible. 

CRITICAL SYNC 


This is a tough dog! This Truetone MIC-4219A-27 has very 
critical sync, but it’s not a sync problem! The video waveform at 
the detector doesn’t have much sync on It. I can inject a video 
signal here and it works. Run this through the crystal-ball and 
see what shows up, please!—D.D., Apalachicola, FL. 

It’s a sync problem but it isn’t the sync? (It’s going to be one 
of those days.) OK: crystal-ball says this could be a “feedback 
cancellation of sync” due to open capacitor somewhere. Scope 
the DC power supply and the AGC line, etc., looking for any 
sign of signals. 

(Feedback; reader says “Bless you and your crystal ball! I 
scoped the AGC line first and there it was; a 0.25-volt positive 
going spike at horizontal rate. Replaced the 1.0-fiF non¬ 
polarized AGC filter and Bingo. Thanks.”) R-E 



YOU DON’T NEED A BENCH FULL OF EQUIPMENT TO Tl 

facilities you need to of—- 


e expensive units. Find defective transistors and circuit 
-ingle, streamlined instrument ^instead. of. an_elaborate 

! EMC, 625 Broadway, New York 12, N.Y. 
Checks all transistor types - high or low rataloe of the complete 


features found only 
troubles speedily 
hook-up. 

Features: 

Checks all transistor types 

power. Checks DC current gam urauu iy i FW 

200 in 3 ranges. Checks leakage Uni- | ^ u a f d p f s c t ^ e b d uto E r W 
versal test socket accepts different base . local uisiriuuior 
configurations. Identifies unknown tran¬ 
sistors as NPN or PNP. | 

Dynamic test for all transistors as signal 
amplifiers (oscillator check), in or out of 
circuit. Develops test signal fc 

or RF circuits. Signal traces all , __ 

Checks condition of diodes. Measures i _ 

battery or other transistor-circuit power- 
supply voltages on 12-volt scale. No ex¬ 
ternal power source needed. Measures 
circuit drain or other DC currents to 80 
milliamperes. Supplied with three exter¬ 
nal leads for in-circuit testing and a 
pair of test leads for measuring voltage 


RE-11 


Of . H 

. ™, IF, 

Circuits. | city_ 
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BOOKS 

by Donald J. Grantham 

Check (U-) books you are ordering, and see below. 

□ GRANTHAM’S F.C.C. LICENSE STUDY 
GUIDE. Includes 1475 FCC-type multiple-choice 
practice questions, covering all subjects (technical 
and non-technical), with answers and discussions, 
for 3rd, 2nd, and 1st class commercial radiotele¬ 
phone license exams. Four information sections. 
192 illustrations. 7*10‘/ 2 , 377 pages. ©1975. $9.95 

□ INTRODUCTORY ELECTRICITY WITH 

MATHEMATICS. For beginners (and for tech¬ 
nicians who need a better understanding of “the 
basics”). Includes circuit diagrams, practice prob¬ 
lems with answers, multiple-choice examinations. 
Written for self-study. 169 illustrations. 7xl0‘/2, 
288 pages. ©1975. $ 9 - 95 

□ FUNDAMENTAL PROPERTIES OF AC 

CIRCUITS. Continues where Introductory Elec¬ 
tricity With Mathematics (listed above) leaves off. 
Same format. 215 illustrations. Written for self- 
study. 7x101/2, 267 pages. ©1976. $9-95 

□ MATHEMATICS FOR BASIC CIRCUIT 

ANALYSIS. Continues where Fundamental Prop¬ 
erties of AC Circuits (listed above) leaves off. Same 
format. 104 illustrations. ©1976. $9.95 

□ GEOMETRY FOR SCIENCE AND TECH¬ 

NOLOGY. Covers basic and analytic geometry, as 
needed by science and technology students at the 
community college level. Many illustrations. Prac¬ 
tice problems with answers. Multiple-choice exam¬ 
inations. 7xl0!/>, 141 pages. ©1976. $4.25 

■ Check the books you are ordering, complete the 
form below, clip ad and mail with your payment to: 

GSEBOOKS 

2000 Stoner Ave., Los Angeles, CA 90025 

Please send the book(s) I have checked above. The 

price of the book(s) is $_, and I am sending 75e 

extra to cover postage and handling of my complete 

order. Thus, I am enclosing a total of $ - 

Name---- 

Address--- 

City _State-Zip- 

RE-77 


Earn Your College DEGREE in Electronics 

by Correspondence 

The Grantham college-degree program (by home study) begins 
with basics, leads first to the A.S.E.T. degree, and then continues 
through the B.S.E.E. degree level. Our free bulletin gives complete 
details of the program itself, the degrees awarded, the require¬ 
ments for each degree,andhowtoenroll. WriteforBULLETIN R-77. 
Grantham School of Engineering 
2000 Stoner Avenue, Los Angeles, CA 90025 
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MODEL 100 AUDIO RESPONSE PLOTTING SYSTEM 
and general purpose sweep/tone burst/pulse generator con- 

generator, frequency counter and peak amplitude m'easure- 





NOISE REDUCTION 

continued from page 77 


with Super-ANRS is approximately half 
of what it would be without this circuit 
addition. 

Finally, Fig. 10 illustrates the effect of 
Super-ANRS on overall record/play- 
back frequency response for a recording 
made at the 0-dB record level. Without 
Super-ANRS, the response is down 3 dB 



FIG. 10-RECORD/PLAYBACK frequency re¬ 
sponse with and without Super-ANRS. 

at around 8 kHz while with Super- 
ANRS in the circuit, the 3 dB roll-off 
point extends to beyond 10 kHz. At 
lower recording levels, the improvement 
will, of course, be even more signifi- 

JVC has incorporated this new 
dynamic range expanding feature in 


several of their newly introduced stereo 
cassette decks. One of these units, the 
model CD-1636, can be battery op¬ 
erated for use in live, field recording 
work. 

The incorporation of Super-ANRS in 
such a deck is especially useful since in 
live microphone recording work, sudden 
transients are more likely to occur than 
when re-recording FM programs or 
phono discs in which a fair amount of 
signal compression has already been 
“built in” to and is inherent in the 
program source. r-e 




GO DANAMETER 


(The NewVOM For Today’s Needs.) 


• 0.25% Accuracy 

• Full Overload Protection 

• Really Drop-Proof 

w • Full One Year Battery Life 

z 

o 

f IDIRiniRL 

a Dana Laboratories, Inc. 

a: 2401 Campus Dr, Irvine, Ca 92715, (714) 833-1234 
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market 

center 


CLASSIFIED COMMERCIAL RATE (for firms or individuals offering commercial products or 
services). $1.40 per word ...minimum 15 words. 

NONCOMMERCIAL RATE (for individuals who want to buy or sell personal items) 850 per 
word ... no minimum. 

ONLY FIRST WORD AND NAME set in bold caps. Additional bold face (not available as all 
caps) at 100 per word. Payment must accompany all ads except those placed by accredited 
advertising agencies. 10% discount on 12 consecutive insertions, if paid in advance. All copy 
subject to publisher’s approval. Advertisements using P.O. Box address will not be accepted 
until advertiser supplies publisher with permanent address and phone number. Copy to be in 
our hands on the 26th of the third month preceding the date of the issue (i.e. August 
issue closes May 26). When normal closing date falls on Saturday, Sunday or a holiday, 
issue closes on preceding working day. 


BUSINESS OPPORTUNITIES 


INCREASE TV set sales with your own, exclu¬ 
sive newspaper column. For free details, write 
TELEVISION TIPS, P.O. Box 157, Clarkston, GA 
30021 


profitable ONE-MAN 

ELECTRONIC FACTORY 

Investment unnecessary, knowledge not 
required, sales handled by professionals. 
Ideal home business. Write today for facts! 

Postcard will do. Barta-BK, Box 248, 

Walnut P.rppk. PA Q45Q7. 


WANTED 


QUICK cash ... for electronic equipment, 
components, unused tubes. Send list now! 
BARRY, 512 Broadway, New York, NY 10012, 
212 Walker 5-7000 


FREE educational electronics catalog. Home 
study courses. Write to: EDUKITS WORKSHOP, 
Dept. 285G, Hewlett, NY 11557 


PASS FCC examinations! Proven topical ques- 
tions-answers cover First, Second, Third 
licenses. $6.95, EGW PUBLICATIONS, Box 
5516-FK, Walnut Creek, CA 94596 


UNLOCK your future. Become professional 
Locksmith by spare time homestudy. $13.00 in 
an hour possible. All tools, equipment included. 
Facts FREE. Send name. LOCKSMITHING 
INSTITUTE (homestudy). Dept. 1339-116, Little 
Falls, NJ 07424 



C-MOS PROBE 



GRANTHAM’S FCC License Study Guide-377 
pages, 1465 questions with answers/discus¬ 
sions—covering third, second, first radiotele¬ 
phone examinations. $10.70 postpaid. GSE 
PUBLICATIONS, 2000 Stoner, Los Angeles, CA 
90025 


PLANS & KITS 



























































































SPECIALS: 

LIMITED QUANTITIES 

74H40 Highspeed 0 744Q h ° C ! ! ! ! " 7/fl' 00 

MM5262 2K dynamic RAM, Good price. $1 25 
FPQ3725 Quad PNP transistor array type 2N- 
transistors^ inDIP.^4/$1..95 

RESISTOR ASSORTMENT 
No.l IS RACK! still $3.95 


riS im Te; f f ect for^memory^boards-- 
it our usual reasonable price: $1,951 

PLAY WITH WIRE? 
REQUEST OUR FLYER 
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DIGITAL ALARM 
CLOCK 
KIT-$19.50 


ALL PARTS INCLUDED 
Includes Case (Blue or Red) 
And Line Cord 

Simple Assembly Instructions 
FEATURES 

• 24 Hr Alarm Setting 

• AM/PM Indication 

• Seconds Display 

• Snooze Alarm 

• 12 or 24 Hour Display 

• 50/60 Cycle Operation 

N.J. Residents Add 5% sales tax. 

Send check or Money Order to: 

J. B. ELECTRONICS INC. 

P.0. Box 104 
Short Hills, NJ. 07078 


ADVERTISING INDEX 

RADIO-ELECTRONICS does not assume 
any responsibility for errors that may 
appear in the index below. 


CIRCLE 38 ON FREE INFORMATION CARD 


Information Number 

Page 




mi 



B&K-Div. of Dynascan 

.36 

Brooks Radio & TV 

.99 

Castle Electronics . 

.too 

Channellock . 




C1E, Cleveland Institute of 
Electronics . 

.62-65 

Cobra-Division of Dynascan 

Cover IV 

Continental Specialties 

.33,98 

CRF.I-Div. of McGraw-Hill 
Continuing Education 

.72-75 


itu 

Delta Products. 

.95 





EICO. 

04 

Electronics Book Club 

is 



EMC-Electronic Measurement 

.103 

Fidelity Sound . 

.104 

GC Electronics. 

.28 

Gem’s Enterprises 

.36 

GFN Industries (Sinclair) 

.39 

Grantham School of Electronics.103 

GTE Sylvania-Consumer Renewal 


Cover III 

Heath 






Hickok Electrical Instruments 

.30 



IMS Associates . 


International Business Svstems 

.90 

Indiana Home Study Institute 

.101 

International Crystal Mfg. 

.102 

J.B. Electronics . 

07 





Logical Technical Services. 

89 

Mallory Distributor Products 

.17 

MITS-Micro Instrumentation Telemetry 


1,14-15 

Mountain West Alarm Supply 

Mura . 

.13 

National Camera Supply 

.97 

National Radio Institute (NRI)- 
Div. of McGraw-Hill Continuing 

Education Center. 


National Technical Schools 

.52-55 

PAIA Electronics 

,, 

Panavise, Division of Colbert Industries 


96 



Radio Shack. 


RCA Distributor & Special Products 

Rye Industries. 

90-91.96 

.too 


Free Information Number 

165 Sandia Sales. 

Page 

25 

41 

SBE. 

Schober Organ. 


37 


.100 

84 

60 

Shakespeare . 

Southwest Technical Products 

. Cover II 
.31 

32 

Tektronix. 

29 

74,75 

18 

Telematic-Div. of UXL. 

Tri-Star. 

.27,93 

.92 

17 

Tuner Service. 


66 

Veras Systems. Div. of Solid State 

Sales.97 

22 

Wahl Clipper. 

Wetler-Xcelite, Div. of Cooper 
Industries. 

. 16 


MARKET CENTER 

Active Electronics Sales. 

American Used Computer. 

Babylon Electronics 
Karel Barta. 

Consumertroni 
Command Pro 
Cornell Electronics . 

Dage Scientific Instruments 

Delta Electronics. 

Devtronix Organ Products 
Digi-Key . 

Eltron. 

Fordham Radio Supply 

Formula International. 


Information Unlimited. 


47 Jade . 

44,45,46 James Electronics 
38 J.B. Electronics 


Olson Electronics 

Poly Paks. 

Quest. 


S.D. Sales. 

Solid State Sales 
Surplus Center 



































Positive Voltage Regulators ^ 

Negative Voltage Regulator 
1 Amp Adjustable Positive Voltage Regulator 
1 Amp Adjustable Positive Voltage Regulator 
--•-‘ ! -‘-‘--"-!itive Voltage Regulator 


“ONLY MAJOR MANUFACTURERS SUPPLIED" 
'This is a partial listing. Our complete catalogue lists many 

device types & series which at .“ 

cannot be surpassed '. 

can you beat the combination — the finest quality; 
current production; latest date code devices from the major 
manufacturers as Texas Instruments & Fairchilr' 
Semiconductor — At the lowest prices — Surely an unbeatable 
conbination. Get the most value for your Dollar". 

Active Electronic provides the three essentials i 
Semiconductor Distribution — 

1. QUALITY 

2. INVENTORY 

3. PRICE 

We now offer the lowest mix pricing for major manufacturers 
devices only, with the largest variety of devices available from 
stock, from one source. 

Rolls Royce quality at Volkswagen pricing. 


TToTbOX 1035 FRAMINGHAM, MASSACHUSETTS 01701 

Telephone Orders & Enquiries (617) 879-0077 New Cataloge available on request 
MINIMUM ORDER $10.00 ADD $1.00 TO COVER POSTAGE & HANDLING 

NOW IN CANADA 
3 Locations 
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U S. GOVT ELECTRONIC SURPLUS 




K (BOONS VT twxutpiijsfi 


ICS, P.O. Box 82, Skokie, IL 60076 


a, Canada. U.S. Inquiries Invited. 


SURPRISE! Build inexpensively, the most un¬ 
usual test instruments, futuristic gadgets using 
numerical readouts! Catalogue free! GBS, Box 
100B, Greenbank, WV 24944 



CONSUMERTRONICS CO. 


P.O. Box 542 


Alamogordo, N.M. 88310 


-E catalog. IC's, Semi’s CORONET ELEC¬ 
TRONICS, 649A Notre Dame W„ Montreal, Que 
Canada, H3C-1H8. US Inquiries. 


RADIO & TV tubes 36$ each. One year guaran¬ 
teed. Plus many unusual electronic bargains 
Free catalog. CORNELL, 4217-E University, San 
Diego, CA 92105 


RECONDITIONED test equipment. $0.50 for 
catalog. WALTER’S TEST EQUIPMENT, 2697 
Nickel, San Pablo, CA 94806 
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: AI RGHIL-D 


ANNOUNCES THE 


FAIRCHILD 


SOLID STATE 


TECHNOLOGY KIT 


FOR THE EXPERIMENTER WITH TASTE FOR "STATE OF THE ART" PRODUCTS 
• COMPLETE SPECIFICATIONS ARE PRINTED ON THE BACK OF EACH TECHNOLOGY KIT 


FTK0020 

TECHNOLOGY 


SOLID STATE 


FTK0020 



TECHNOLOGY BY 


FAIRCHILD 


>A AVENUE* PALO Al 


CARD FRONT 



CARD BACK 


CARD FRONT 


DIGITS 

FTK0001 0.5" High Common Cathode Digit 

FTK0002 0.5" High Common Anode Digit 

FTK0003 .357" High Common Cathode Digit 

FTK0004 0.8" High Common Cathode Digit 

FTK0005 0.8" High Common Anode Digit 

0.8" HIGH DISPLAY ARRAYS 
1010 12 Hour, 3% Digit Clock Display 

FTK0011 24 Hour, 4 Digit Clock Display 

LED LAMPS 

FTK0020 10 Red LED Lamps 

FTK0021 5 Mixed Colored LED Lamps 

FTK0022 10 LED Mounting Clips 

FTK0023 5 Three Piece LED Mounting Adapters 

PHOTO TRANSISTORS 
FTK0030 5 Flat Lens Photo Transistors 

FTK0031 5 Round Lens Photo Transistors 

FTK0032 3 Flat Lens Photo Darlingtons 

FTK0033 3 Round Lens Photo Darlingtons 


PHOTO ARRAYS 

$1.00 FTK0040 9-Element Tape Reader Array 16.00 

1.00 FTK0041 12-Element Card Reader Array 24.00 

.75 FTK0042 Reflective Opto Coupler 4.00 

200 COUPLERS 

2.00 - 

FTK0050 3 General Purpose Opto Couplers 1.00 

FTK0051 Darlington Opto Coupler 1.00 

7 00 MOS CLOCK CIRCUITS 

8.00 - 

FTK0400 Digital Clock/Calendar Circuit 7.00 

(FCM7001) 

1.00 FTK0401 Digital Clock/Calendar with BCD 7.00 

1.00 Outputs (FCM7002) 

1.00 FTK0402 Direct Drive Digital Clock Circuit 5.00 

1.00 with AC Output (FCM3817A) 

FTK0403 Direct Drive Digital Clock Circuit 5.00 

with DC Output (FCM3817D) 

1-00 FTK0405 Direct Drive Digital Clock/Calendar 6.00 

100 Circuit (FCM7015) 

100 KITS 

100 FTK0106 Automobile Clock Kit 40.00 


• THESE PRODUCTS ARE PACKAGED FOR OUT¬ 
STANDING WALL DISPLAY APPEARANCE 


• FULL pairchil 
TO FOLLOW 


l PRODUCT LINE 


• DEALER'S AND WHOLESALER'S INQUIRIES 
INVITED-PRICE LIST AVAILABLE. 


• BUY WITH PRIDE THE PRODUCTS BUILT BY 
THE INDUSTRY'S LEADER - z 


Satisfaction Guaranteed. $5.00 Min. Order. U.S. Funds. 

California Residents - Add 6% Sales Tax 

Send a 24c Stamp (postage) for a FREE 1977 Catalog. 


MWSS 

NOW OPEN SATURDAYS 


1021 HOWARD STREET 
SAN CARLOS, CA 94070 
PHONE ORDERS - (415) 592-8097 
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Acce sS “' YEARS 

^ csf0 \m 


LOCK MOUNT 

AU-344 


& 


029 

£. B s? 


Reg. 
$6 

Locks player in place. Slides in & 
out. 6 x 13/16 x 7". 6 or 12 VDC. 
Shipping weight 2 lbs. 


Standard Dial 

DESK PHONE 


Factory reconditioned. Comes 
with base, dial & coil. Less bell. 
Styles may vary. Wt. 8 lbs. 


Auto Stereo 

8-Track Tape Player 


Player mounts easily under c 
Slide controls. 714 x 5Vi x zw. 
12 VDC. neg. grd. Styles may vary. 


Police Converter Kit 

Model EC-2900. Use KB-380 

AM radio & tune in the ^QA 
152-174 MHz band for MJM& 
police, etc. 2 lbs. # Re 9- 
$13 

L _— Pencil-Tip 
Soldering Iron 

TL-448 

Tip reaches tempera¬ 
ture to 250°. Is 914" _ 

long. 117 VAC. ’A lb. Reg. $3.29 


8 199 


5 Digit Mechanical Counter 
2 watt Solid-State Phono Air 
5 Digit 117 volt AC Counter 
" " “ sr. 117 V. AC 


6 OiHt t 


V. AC Coui 


L.E.O. Pkf. of 5 Sn 
L.E.D. Pkg. of S Large Green 2 V. 5 MA 
L.E.D. Pkg. of 5 Small Green 2 V. 5 MA 
L.E.D. Pkg. of 5 Large Yellow 2V. 5 MA 
L.E.O. Pkg. of 5 Small Yellow 2 V. 5 MA 
L E D Pkg. of 5 Large Orange 2 V. 5 MA 
L.E.O. Pkg. of 5 Large Clear 2 V. 5 MA 
7 See. L.E.O. Readout. T Com. K Reel 
LM-309K S V. 1C Regulator TO-3 
3 Amp. SO PIV Diodes Pkg. of 2 
3 Amp. 400 PIV Diodes Pkg. of 2 
1 Amp. 200 PIV 50 Piece Kit 
P Channel FET 2N5460 
18 Amp. 200 PIV Diode IN3493R 
Medium Power Transistor 25B474 
Cadmium Photo Cells. 500 Ohm. Pkg. 2 
N Channel FET2N3819 
40 Watt NPN Transistor. Pkg. of 4 
709 1C Hi-Gain OP-Amp 
PC Doard Kit — Make Your Own 
PC Wire Kit, 150 Ft. 

Magnet Wire, 28 Ga. 375 Ft. 

4PDT Plug-In Relay, 117 V. AC Coil 
16 Step Relay, 110 Ohm Coil. 450 Ohm Res 
SPOT 5A. Plug-In Relay 117 V. AC 
DPST Power Relay 25A. Cont. 117 V. Coil 
Heavy Duty Solenoid. 117 V. AC 
Miniature Solenoid. 14" Trav. 117 V. AC 


RA-383 

XM-367 

XM-543 

AM-529 


01-056 

01-051 

TR-430 


TR-429 

TR-440 

RE-131 

XM-393 


SPOT Key Sw 




ADDRESS 
CITY. 


OLSON ELECTRONICS, 250 S. FORGE ST. O ^ 
DEPT LR, AKRON, OHIO 44327 

- t* 


STATE 


ZIP 


□ SEND OLSON CATALOG □ FREE PA CATALOG 

□ SHIP THE FOLLOWING 

HOW i STOCK | , PRICE | 

MANY NUMBER | DESCRIPTION [ EACH | TOTAL 


ENCLOSE POSTAGE AND SALES TAX 



*6“ 


POLY PAKS 2= 

P.O. BOX 942 R LYNNFIELP, MASS. 01940 
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S. D. SALES Co. 


P.O. BOX 28810 C < DALLAS, TEXAS 75228 


4K LOW POWER RAM BOARD KIT 

THE WHOLE WORKS 


Imsai and Altair 8080 plug in compatible. Uses low power static 
21L02—1 500 ns. RAM's, which are included. Fully buffered, 
drastically reduced power consumption, on board regulated, all 
sockets and parts included. Premium quality plated thru PC Board. 


$ 89.95 


8 Digit LED 

"METRIC MASTER" 

$19.95 

"RAPID MAN - 12" 

$29.95 


$1,000,000 CALCULATOR PURCHASE! 

We bought the entire stock of a major manufacturer. New, guaranteed units. 
Five functions PLUS complete Metric Conversion functions. Re¬ 
chargeable batteries. Small, hand held size. With AC charger. 
12 Digit - Desk Top Style. Sturdy design. With memory and four 
complete functions. Big, bright display. 


ALARM CLOCK KIT SIX DIGIT LED 

Thousands of hobbyists have bought and built our original clock 
kit and were completely satisfied. ^But we have ^ received^ niany 


that v 

THE Ki i iiNL.i-uue 

1 Mostek 50252 A 
6 Hewlett Packard 
15 NPN Driver Trar 

2 Switches for tim 
2 Slide Switches fc 

4 IN4002 Rectifie 
i IN914 Diode 
.01 Disc Cap 


i. common cathode readouts 


IN914 D 
* .01 Disc , 

15 Resistors 
1 Speak ' 
1 LED I 


$9.95 


jr PM indicator 


PCB —$3.00 


Brand new, facti 
of projects. (S — 
MC724P — 59< 
MC725P —59c 
MC764P — 49c 
MC767P - 69c 
MC771P — 49c 


(See the RTL 


MOTOROLA RTL \C'S ^ 

by ^ioward W 

MC785P — 49 c 
MC787P — 89c 
MC788P — 49c 
MC789P — 59c 
MC790P — 89c 


KIT FEATURES: 

A. 60 hz output witt 

B. Directly interface 

C. Super low 

D. Uses latest MOS 1 

E. Eliminates forevei 

F. Perfect for cars. 


ill MOS Clock chips 


sm of AC line glitches 
npers, or even for portable clocks 
ai nam Tieia aays. BUY TWO FOR $10.00! 

G. Small size, can be used in existing enclosures. 

KIT INCLUDES CRYSTAL, DIVIDER 1C, PC BOARD PLUS ALL 
OTHER NECESSARY PARTS AND SPECS. 


7400 — 19c 
7402 — 19c 
74L04 — 29c 
74S04 — 44c 
7404- 19c 
7406 — 29c 
7408 - 19c 
7410 — 19c 


TTL INTEGRATED CIRCUITS 


0 — 19c 
/432 - 34c 

7437 — 39c 

7438 — 39c 
7440 — 19c 

7447 — 85c 

7448 — 85c 
7451 — 19c 
7453 — 19c 

7473 - 39c 

7474 - 35c 
7575 — 35c 


3 — 35c 
/4«>0 — 49c 
7483 —95c 
7485 — 95c 
7586 —45c 
7490 — 65c 
7492 — 75c 

7495 — 75c 

7496 — 89c 
74121 — 38c 
74123 — 65c 
74141 — 75c 


74153 

74154 
74157 

74164 

74165 
74174 
74181 
74191 



"CUBO" -DIGITAL ALARM CLOCK CUBE 
A PERFECT GIFT - NOT A KIT! 

The CUBO Alarm Clock mfg. by Corvus, division of 
MOSTEK CORP. Originally sold for $49.95. We bought 
out their entire inventory. All new, individually gift 
boxed. Mini size (2Vz" cube) with maxi performance. 

FEATURES: ac 

A. 4 Digit H.P. Bright Display $14.95 

B. “Second Hand” LED Activity Indicator CApu 

C. 24 Hour Alarm; 12 hour real time format 


1000 MFD FILTER CAPS 

ated 35 WVDC. Upright styl 
ith P. C. leads. Most populai 
Hue for hobbyists. Compar 
: up to $1.19 each from frar 

S.D. SPECIAL 4 for $1. 




(Add 75c P.&H.) 
Auto Display Dimming — Adjusts to Ambient Light 
AM/PM Indicator 
Power Failure Indicator 
5S Famous Mostek MK50250 MOS LSI 1C 


MOTOROLA POWER DARLINGTON 

Back in Stock! 

Like MJ3001. NPN 80V. 10A. HFE 
6000 TYP. TO—3 case. We include a free 
723 C volt reg. with schematic for power 
supply. SPECIAL $1.99 

WESTERN DIGITAL UART 

No. TR1602B. 40 pin DIP. ^ 

NEW - $6.95 with data 

LIMITED QUANTITY 

FAIRCHILD BIG LED READOUTS 

A big .50 inch easy to read character. Now 
available in either common anode or com¬ 
mon cathode. Take your pick. Super low 
current drain, only 5 MA per segment typ¬ 
ical. YOUR CHOICE: 6 for $7.50 

FND - 510 Common Anode $1.50 ea. 
FND - 503 Common Cathode $1.50 ea. 

MICROPROCESSORS & THINGS 

By AMD 

8080A Better than Intel $24.00 

8008-1 High Speed 8008 12.50 

8212 I/O Port 3.50 

8224 Clock Generator 4.95 

2513 Character Generator 10.00 


UP YOUR COMPUTER! 

21L02-1 IK LOW POWER 500 NS STATIC RAM 

TIME IS OF THE ESSENCE 

lower. Not only are our RAM’s faster than a speeding bullet but they 
y low power. We are pleased to offer prime new 21L02 — 1 low power 
ast RAM’s, Allows you to STRETCH your power supply farther and at 
ne keep the wait light off. 8 FOR $17.50 


1N4002 1 Amp 100 PIV 
1N4745A 16V 1W Zene 
EN2222 NPN Transistor 
EN2907 PNP Transistor 
2N3904 NPN Driver Xst 
2N3392 GE Pre-arup Xs 


, . 40/$ 1 
, .20/$ 1 
. . 25/$l 


C&K MINI TOGGLE SWITCH 

No. 7103 SUB MINI SPDT Center C 

SPECIAL-99c 


TERMS: 

Money Back Guarantee. No COD. Texas 
Residents add 5% tax. Add 5% of order for 
postage and handling. Orders under 
add 75c. Foreign orders: US Funds ONLY! 


SLIDE SWITCH ASSORTMENT 

zes, single and 


multi-position i 


SPECIAL - 12/$1. 


RESISTOR ASSORTMENT . 

/4 W 5% and 10%. PC leads. 

, good mix of values. 200/82. 


74S200 

256 Bjt High Speed RAM 
Same as 82S16 

$3.95 


IK PROM BACK IN STOCK! 

82S129. 256X4. Bipolar, 50 NS. 
FAST. WITH SPECS. 

$3.95 


8T97B 

:e Buffer. Back in 

$1.25 


CALL YOUR BANK AMERICARD OR 
MASTER CHARGE ORDER IN ON OUR 
CONTINENTAL UNITED STATES TOLL 
FREE WATTS: ! _ 80 0-527-3460 

Texas Residents Call Collect 

214/271-0022 


S. D. SALES 
P. O. Box 28810-C 
Dallas, Texas 75228 


ORDERS OVER $15. CHOOSE $1. FREE MERCHANDISE 
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Digital Alarm/Clock Kits 

6-.50 LED Displays. 

Batteiy operated, beautiful stainless finish, quartz crystal 
accuracy. Excellent for mounting on wall of any boat, 

RVC-f' digital doc'kkitlnoalarrn) $36.95 

RVC-6A digital clock kit with alarm and radio or 

tape player hookup 54.95 

60 Hz Crystal Time 
Base Kit $5.95 

Converts digital clocks from 

AC line frequency to crystal time 
base. Outstanding accuracy. 

Kit includes: PC board. 

MM5369. crystal, resistors, 
capacitors and trimmer. 

Calculator 

Module $2.95 

Includes everything on a 
miniboard. Need to add 
keyboard case and 
transformer for complete 

9-digit calculator. 

R/F SWITCH Only 

• Instant selection $9.95 
between any two video, 
audio or R/F signals. 

•Over 300.000 in use. 

•90 db isolation® 300 MHz. 
•VSWR1.1.75 Ohms. 

•F Connectors. 

•Reliable, one moving part. 

Not a Cheap 

Clock $17.45 

Includes everything 
except case. 

2-PC boards. 6-.50 LED 
Displays. 5314 clock 
chip transformer, all 
components and full 
instructions. 

1C UPDATE 

MASTER MANUAL 

Complete 1C data from 
all Manufacturers 14.000 
cross references. $30.00 
with update service. 

Limited quantities available 
Domestic Postage, add 
$2.00. Foreign. $6.00 

COSMAC ‘ELF 

Low cost expandable micro¬ 
computer. CDP1802 $29.50 

All other parts including 

COSMAC user manual 
available at reasonable cost. 
CDP1821SCD $33.00 

C0P1822SCD $39.00 

CDP1852C0 $ 9.00 

CDP1824CD $10.25. 

TERMS: $5.00 min. order U.S. funds 
Calif, residents add 6% tax. 

FREE: Send for your copy ol our 1976 

QUEST CATALOG. Include 13c stamp. 
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JAPANESE transistors. All transistors original 
factory made. Free catalog. WEST PACIFIC 
ELECTRONICS, P. O. Box 25837, W. Los 
Angeles, CA 90025 


IN-circuit transistor tester. Tone indicates good 
transistor. Plans $2.00. ZACH SCIENTIFIC, 39 
Bayberry Lane, Levittown, NY 11756 _ 

ELECTRONIC parts at below wholesale prices. 
Write for catalog, 50 cents (refundable with first 
order). SUPREME ELECTRONICS, Box 327, 
Victoria, BC, Canada. US Inquiries welcome. 



$ 13.95 

VIDEO GAME 

$ c 13.95 


DESCRAMBLERS: Several professional models 
that work with all scanners. Tone encoders/ 
decoders. Scanmate, AAPP, radar detectors, 
Big Ears, alarms, books, kits, parts. Catalog 25 
cents: KRYSTAL KITS, Box 445, Bentonville, AR 
72712 



DIGITAL multimeter, frequency counter, time 
modules and mainframe. Low cost—free bro¬ 
chure. Assembled. FARELL’ RESEARCH COR¬ 
PORATION, P.O. Box 386, Elizabeth. PA 
15037 



The 

Unibed 


BACK issue magazines. Over 200 titles, 1890 to 
1976. Send stamped envelope. Free list. 
EVERYBODY'S BOOKSHOP, Dept. RE, 317 
West 6th, LOs Angeles, CA 90014 


DIGITAL tachometers $39. Lifetime warranty! 
Great Christmas gifts! E & L ENTERPRISES, 
3768 Starview Drive, San Jose, CA 95124 


tol. Pocket. See in Dark—Shotgun Directional 
Mike—Unscramblers—Giant Tesla — Stunwand— 
TV Disrupter—Energy Producing, Surveillance, De¬ 
tection, Electrifying, Ultrasonic, CB, Auto and 
Mech. Devices, Hundreds More—All New Plus 
INFO UNLTD PARTS SERVICE. Catalog $1. Informa¬ 
tion Unlimited, Box 626, Lord Jeffery Court, Am¬ 
herst, N.H. 03031. 


COLOR bar generator, crystal controlled, single 
digital 1C operation, 16 patterns. Build for less 
than $40. Complete detailed plans $3.50. ARS 
SYSTEMS, POB 61922R, Sunnyvale, CA 94088 



ECONOMY kits, Super-Pong TV game by "Visu- 
lex" (June “R-E") complete kit $150.00; TVT-III 
(W/2K memory capability) $114.75; screen read 
$11.65; manual cursor $9.50; cassette-computer 
interface, dual recorder, 1000 baud $28.50; 
motion detector (ultrasonic): assembled $18.75; 
4K memory card (2102) $75.00; 2K/4K (word) 
EPROM card kit, less EPROMS $55.00, (W/8EA 
1702A) $111.00 W/16EA 1702A $167.00), 
boards available separately. ELECTRONIC DIS¬ 
COUNT SALES, 138 N. 81st Street, Mesa, AR 
85207 


YOUR HOBBY EXPENSES ARE 


TAX DEDUCTIBLE! 

FOR FREE INFORMATION WRITE 
FINANCIAL MANAGEMENT ASSOC., INC. 
^ BOX 82129AD SAN DIEGO, CA 92138 j 


CHIPS Electronics, Kits, semiconductors, com¬ 
ponents, fast delivery, free flyer. BOX 1030, 
Oakville, Ontario, Canada L6J-5E9 


PRINTED CIRCUIT 

Positive Acting Photo Resist; Carbide 
bits; Bubble etchers; Artwork; Epoxy 
Glass Boards. 

Send stamp & address label for flyer 

TRUMBULL 

833 Balra Dr., El Cerrito, CA 94530 


MANUALS for Govt, surplus radios, test sets, 
scopes, List 50<t (coin). BOOKS, 7218 Roanne 
Drive, Washington, DC 20021 

















































































































ROCKWELL A4001 I.C. 


ELECTRONIC SLIDE RULE 
SCIENTIFIC CALCULATOR KIT!! 

SPECIAL FUNCTION 



^ONLY 



STEREO PRE AMP 

I.C. MC 1303L 

0.27" 7 segment 
LED, Latch and P° 
Driver built in V TT 
one chip 

ONLY $4.00 ea. ^ 


SPECIAL SALE 

ON I.C. SOCKETS 

14 PIN SOLDER TYPE. 

10 for $1.89 
16 PIN SOLDER TYPE 
10 for $2.25 


wi 


5V REED RELAY 

DPST Normal 
Open in,a DIP 
Package 

.25 each / 2 for $4.00 


LM567 
TONE 
DECODER 
2 for $2.00 


0.25" 8 DIGITS 
L.C.D. DISPLAY 

Silver Color 


NEW ALARM CLOCK CHIP 



NUMERIC DISPLAY WITH 


LOGIC TIL 308 ^ 

Two Preamplifiers ^ 
built in a 14PIN DIP ^ 
Channel Separation= ^ 
60dB at 10 KHZ ^ 
w/Short-Circuit- ^ 
ONLY $1,00 each Proof Design 


1014 PLASTIC CLOCK CASE £ 

Good for clock ^ 

instrument ► 

$4.00 each ^ 

► 


d FORMULA INTERNATIONAL INC. t 

12603 CRENSHAW BOULEVARD • HAWTHORNE, CALIFORNIA 90250 
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CB testing just became a snap. 



Now one unit does it all. 

Hook our versatile Model 388 in line with your 
transmitter and instant digital readouts of a trans¬ 
mitter's four most important operating parameters 
are a turn of a switch away. 

A front-panel AM Monitor Output makes scope 
display of modulation easy. A pushbutton selects 
front panel or in-line frequency input. And changing 
to 12V operation is easy, too. 

Get your hands on the new Hickok Model 388 CB 
In-Line Tester. We re betting you can’t let go. 

The Hickok Model 388 CB In-Line Tester 
is one element of the 

modular Hickok CommLine. HICKOK 


MODEL 388 
MODEL 388X 


Comm i. 
L 


ine 


% Modulation 


Hickok Model 388X features a precision temperature 
compensated crystal oscillator with 1 ppm accuracy. 


RADIO SUPPLY CO., INC. 

855R Conklin St., Farmingdale, N.Y. 11735 
(516) 752-0050 


Send for FREE 108 page catalog 
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LIVE IN THE WORLD 
OF TOMORROW ... TODAY! 


A BETTER LIFE 
STARTS HERE 



§§§§= n 





>u want it. Remove part of 
it pipe, slip Heat Exchanger 
n automat, forces clean air 
hich heats to over 200°F., can I 


l? 


No. 19.194EH . . . (5" DIA.) Shpg. 17 lb.$121.50 FOB 

No. 19.195EH . . . (6" DIA.) Shpg. 17 lb.$121.50 FOB 

No. 19.198EH . . . (7” DIA.) Shpg. 17 lb.$121.50 FOB 


■ great for CHHISTMAS 6lFTS! v 

^ A UNIQUE SELECTION OF MEMORABLE, 
LONG-LASTING GIFTS FOR Al - 


NEW! THE UNIQUE EDMUND 
4%" NEWTONIAN 
RICHEST FIELD 
REFLECTOR 
TELESCOPE. 









MAIL COUPON FOR 

GIANT FREE 
CATALOG! 


4 PAGES • MORE THAN 


COMPLETE AND MAIL WITH CHECK, M.O. OR CHARGE NO. 


EDMUND SCIENTIFIC CO. 300 Edscorp Building, Barrington. NJ. 08007 1 

ffiip 5 ,1o 7 „ 3488 Price Each Tola, I 


How Many Stock No. 


! □ PLEASE SEND GIANT 
__ ■ FREE CATALOG “EH” 

-,-- — 1977 edition. New items, categories, I , 

illustrations. Dozens of electrical and electromagnetic ■ char 9 e m y ' : American Exp 
parts, accessories. Enormous selection of Astro- ■ n BankAmericard □ Master Chg. . 
nomical Telescopes. Unique lighting and ecological I 
items. Microscopes, Binoculars, Magnifiers, Magnets. " I" 

Lenses, Prisms. Hard-to-get surplus bargains. Ingen-1 M 
ious scientific tools. 1000’s of components. 

EDMUND SCIENTIFIC CO. 

300 Edscorp Building, Barrington, N.i. 00007 




□ check □ money order for TOTAL $ 


i UJj.II I 1 I I I I M I - 
:■ IpSHws “T" - 
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Riley really rallied 
to our"rally ’round the tab’.’ 

Our 1976 “rally ’round the tab” award pro¬ 
gram is under way, and a lot of dealers and 
technicians are already collecting awards rang¬ 
ing from coffeemakers to camping gear. 

You can start collecting, too. All you have to 
do is tear off the tab—the end flap of Sylvania 
receiving tube boxes with the Waltham, Third 
Ave. or Broadway address on it. 

And save color picture-tube serial labels, too. 
They’re worth the equivalent of 20 receiving 
tube tabs. (You’ll find the label on the upper 
left-hand corner of every carton.) 

Then just pick the awards you want from 
over 300 items in the official catalog and drop 
your order in the mail. Keep in mind, the pro¬ 
gram ends at midnight November 30th, 1976. 

You can get your catalog, order forms and 
mailing kit from your local Sylvania Distributor 
or from Sylvania Award Headquarters, P.O. 
Box4000, Fenton, Missouri 63026. 

Start your tab collection today. It’s our way 
of helping you to live the life of Riley. 

(SS SyLVANIA 







Experience is the best teacher. You 
might settle for any CB first time around. 
Understandably. A lot of people think 
they're all pretty much alike. But you'll 
soon discover that, like everything else, 
there are exceptions. 

Ask the pros. America's long distance 
truckers. These guys talk CB day in and 
day out. And they demand the best. 
That's why truckers refer to the Cobra 
29 as "The Diesel Mobile!' 

Listen to Cobra. You'll hear a big 
difference. Because the Cobra 29 gives 
you features which assure crystal clear 
reception. Like switchable noise limiting 
and blanking, to cut out practically all 
pulse and ignition interference. Add 
squelch control and RF gain and you've 
got exceptional—adjustable—receiver 
clarity Even in the heaviest CB traffic. 

Yc also get Delta Tuning which makes 
up for the other guy, because even off- 
frequency transmitters are pulled in. 
Perfectly. 

Talk to Cobra. And you know you're 
punching through. One glance at the 


29's over-sized illuminated meter tells 
you just how much power you're punch 
ing out and pulling in. For voice modula 
tion the DynaMike delivers at 100%. 
Same way with power: The 29 transmits 
at maximum power levels. 

Sooner or later you'll get a Cobra. 
And you'll get engineering and crafts¬ 
manship second to none. Performance 
that will make your first CB seem 
obsolete. Reliability and durability that 
have set standards for the industry. 
Above all, you'll get power. The power 
to punch through loud and clear like 
nothing else. Because when it comes to 
CB radio, nothing punches through 
and clear like a Cobra 


(^jb bra. 


Punches through loud and clear. 


Cobra Communications Products 

DYNASCAN CORPORATION 
6460 W. Cortland St., Chicago, Illinois 60635 


IF TOUR FIRST CB ISN’T A COBRA 
YOUR SECOND ONE WILL BE. 










